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 Fewer then 10,000 cheetahs remain in the wild of Sub-Saharan Africa.  Namibia has the 
largest population, estimated to be 4,000 cheetahs.  Habitat fragmentation and prey depletion from 
human expansion for agriculture has pushed 90% of cheetahs to reside on commercial farmland 
where there is an absence of larger predators, but conflict with the livestock farmers.  Radio 
telemetry was used to investigate the seasonal variation in home range size among nine female 
cheetahs on commercial farmlands on or near the Cheetah Conservation Fund in Otjiwarongo, 
Namibia.  ArcGIS 10.3 and Geospatial Modeling Environment were used to calculate the 95% and 
50% (overall and core home range size) kernel density estimation.  This was estimated for the 
overall, annual, monthly, and seasonal variants for each individual cheetah.  Nine female cheetahs 
were tracked in this study, 6 of them were rewilded and 3 of them were wild.  The average number 
of GPS locations collected for the 6 rewilded cheetahs was 4,165.5 ± 2,582.2 and the average 
collected for the 3 wild cheetahs was 1,219.3 ± 184.6.  The average number of months the nine 
female cheetahs were tracked under GPS radio telemetry was 10.2 ± 5.26 months and the average 
age of the cheetahs was 64.2 ± 24.2 months.  The wild cheetahs had a larger home range 
estimation compared to the rewilded cheetahs with an average 95% and 50% kernel of 1,738.7 ± 
2050.3 km2 and 302.7 ± 393.9 km2.  The home range size and average distance moved (km) 
between GPS locations had no significance between the seasons based on analysis using the 
Kruskal Wallis and post-hoc test (R 3.2.1).  These results in combination with further research can 
help formulate a long term conservation plan for the remaining and rewilded cheetah population 







Namibia and the Cheetah: 
 
The Cheetah (Acinonyx jubatus): 
 
 The cheetah was named after the Hindi word “chiti” which means “the spotted one” (25).  
Their golden colored coat covered in solid black spots, the cheetah is mostly distinguished by their 
dark tear marks that run along their face (25, 35).  A traditional Zulu myth tells of a jealous man 
who admired the cheetah for their skill of hunting (27).  Lazy, and wanting a personal dinner 
catcher of his own, he stole the cubs of a mother cheetah (27).  For days, the cheetah called for her 
babies, and the mother had cried so much, her tear marks scarred her face through all generations 
(27).   
 Royalty once kept cheetahs as pets for hunting partners, including: Mongol Emperor 
Genghis Khan, Akbar the Great of India (34).  Smallest of the big cats (average weight between 83 
to 145 pounds and the average height is 32 inches tall) the cheetah can accelerate to 60 mph in 3 
seconds crossing 550 meters of land (25).  The cheetah, built for running not fighting, has a 
flexible spine that acts as a spring allowing the stride of a cheetah to be as long as 25 feet (35).  
The body built for acceleration and speed is comprised of a small head, slender body, flattened 
ribs, oversized heart and lungs, and large nostrils (25, 35).  Their long tail acts as a rudder when 
reaching high speeds, and their semi-retractable claws act as cleats allowing the cheetah to 
maintain traction on the sand of the savannah (34).  Even the cheetah’s eyes are adapted for speed, 
the “retinal fovea is of an elongated shape,” giving the cheetah a sharp, wide view of its 
surroundings (25).  As fast as the cheetah is, they can only maintain their speed for about a half a 
minute (25).  Even after a successful hunt, preying on small antelopes (e.g. steenbok, duiker) or 
warthogs, the cheetah must rest for about a half hour before feasting to allow the brain to cool 
down.  Larger predators such as the hyena, leopard, or lion steal many of the cheetah’s kills during 
that time.  Even a pack of jackals or vultures can scare the cheetah from its kill.  The cheetah is 
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extremely vulnerable to larger predators, particularly the cubs.  90% of cheetahs die within the 
first 3 months of birth, half of which fall prey to other predators (25).  While, the other half dies 
due to underdeveloped immune systems from the lack of genetic diversity (25).  
 The female cheetah has a gestation period of 90 to 95 days, and will give birth to a litter of 
3 to 5 cubs (25, 36).  The female cheetah will raise the cubs independently of the male cheetah, 
and if the litter is lost, the female cheetah will return into estrus in only a few days.  The cubs are 
the most vulnerable to larger predators within the first 3 months (25, 36).  To prevent the build up 
of scent, the female cheetah will move the cubs to a new den location every few days, and may 
leave them there up to 48 hours when hunting to maintain her lactating status (25).  Cubs will 
leave the den with the mother when weaned at 6 to 8 weeks, and will stay with the mother, 
learning how to hunt, find water and shelter, for up to 15 months (25).  Afterwards, the male 
cheetahs will then travel far beyond their parent’s home range, while the female cheetahs may 
overlap their home range with their mother.  Some male cheetahs may stay together to form a 
coalition, hunting larger prey together and claiming a larger territory size.  The cheetah must be 
persistent in order to survive among numerous predators, including humans that threaten their 
survival.   
 Once distributed across Africa, the Arabian Peninsula, and the Asia Minor, today the 
cheetah inhabits the grasslands of eastern, central, and southwestern Africa, as well as a small 
portion of Iran (25).  Within the last 18 years, the population of cheetahs has decreased by 30% 
(26).  Their habitat has decreased by 76%, threatening their survivability as the human population 
continues to expand for agricultural needs, destroying the open plains (26).  Solutions to 
conserving the cheetah rely on working with surrounding communities and minimizing the 





 I am currently a senior majoring in Biomedical Science Medical and Veterinary Sciences.  
I plan to attend North Carolina State College of Veterinary Medicine in the fall.  My junior year, I 
decided to apply for the International Research Opportunity Program to expand my horizons in 
wildlife conservation before heading off to veterinary school.  I knew I wanted to conduct research 
on cheetahs because I have always had a fascination for the species, and Namibia being the 
country with the highest population of cheetahs was the perfect fit.  My research project was 
performed at the Cheetah Conservation Fund, and even though I had experience traveling to South 
Africa, Namibia was vastly different.  
 While traveling through South Africa two years ago I learned about Fortress Conservation.  
Fortress Conservation is a form of conservation that involves building national parks, but the 
people native to the area are moved and pushed out of their homeland.  It is believed that humans 
should not be involved with nature in order to preserve the wildlife. Game fences surrounding 
many parks in South Africa further exclude the local people.  On the other hand, the Cheetah 
Conservation Fund works with the local communities to create a peaceful relationship between the 
people and the cheetahs through the education of livestock and wildlife management techniques.  
In order to prepare for my travels, I worked closely with Dr. Drew Conroy.  Dr. Conroy has 20+ 
years of experience working throughout Southern and Eastern Africa.  He also spent all of 2008 
teaching at the Namibia University of Science and Technology, as well as 2 weeks volunteering at 
the CCF.  I met with Dr. Conroy weekly during the fall and spring semester of 2015-16 discussing 
the culture of Namibia and how it would compare to my experience in South Africa.  I planned to 
take the ANTH 500 (D01)- Peoples and Cultures of the World, Peoples and Cultures: Sub Saharan 
Africa course in the spring.  This course would have allowed me to learn more about the history 
and culture of Namibia including religion, economy, and the urban way of life.  Unfortunately, 
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this course was discontinued in the spring semester 2016.  Instead, I continued meeting with Dr. 
Conroy, as well as supplement my learning with the following readings: 
 
Cowley, Clive. Journey into Namibia, Namibia Guidebook #14. Windhoek, Namibia:  
 
 Guidebook Press, 2008. Print. 
 
Harring, Sidney L., and Willem Odendaal. One Day We Will All Be Equal--: A Socio- 
 
 legal Perspective on the Namibian Land Reform and Land Settlement Process.  
 
 Windhoek: Legal Assistance Centre, 2002. Print. 
 
Marker, Laurie. Cheetah Survival on Namibian Farmlands. Windhoek, Namibia,  
 
 Africa: Cheetah Conservation Fund, 1996. Print. 
 
Schumann, Mandy. Integrated Livestock & Predator Management: A Farmer's Guide  
 
 (2nd ed.). Windhoek, Namibia, Africa: Cheetah Conservation Fund, 2009.  
 
 Print.  
 
 In addition to the cultural preparations, I also worked closely with my father in order to 
prepare myself for the ArcGIS Software.  Initially, I had planned to take NR 760 (01)- Geographic 
Information Systems in Natural Resources during the spring semester, but due to conflictions with 
the professor and my schedule, it did not work out.  Instead, I worked with my father, Bob Wise.  
My dad is the CEO of WGS Systems, LLC, and part of his company involves working with 
ArcGIS.  My father worked with me on how to use QGIS, a free version of ArcGIS, during the 
winter and spring semester.  My mentor, Dr. Laurie Marker, founder and director of CCF, sent me 
sample data of a few cheetahs that I could practice integrating into the QGIS software.  This gave 






 As I landed in Windhoek, Namibia I felt that I was truly in the middle of nowhere.  There 
were no houses or asphalt roads in sight.  Only the thick acacia bush and the red sand dusted 
across the savannah.  The Cheetah Conservation Fund was four hours from the airport.  During the 
drive, I was quickly exposed to the diverse and abundant wildlife on the drive, like wart hogs and 
oryx that sprinted so close to the car we nearly ran it over.  
The center itself was an easy transition from college life, full of mostly Europeans and 
Americans.  My living situations were very similar to the lifestyle at UNH.  I had an idea of what 
to expect in regards to the quality of food from my previous experience traveling in South Africa.  
There was a lot of protein and carbs, but I had access if I needed other food, by traveling to 
Otjiwarongo where I was able to purchase things I needed.  I found that it was immensely similar 
to college.  I had a dorm room with two roommates, a toilet, a shower, and a very spacious closet.  
It took no time at all to make friends and I quickly became acquainted with the staff.  Being in a 
secluded facility, everyone got to know each other very well.  The staff became more like family 
to me.  They truly wanted me to be successful in my project. 
The Team: 
 
 The team I worked with consisted of Matti Nghikembua, Tarik Bodasing, Eli Walker, and 
Dr. Laurie Marker.  Matti was from Namibia and he is the head ecologist of the CCF.  He was 
responsible for helping me convert my knowledge of QGIS to ArcGIS.  Tarik was from South 
Africa, and he is also an ecologist for the CCF.  He helped me use the Geospatial Modeling 
Environment software to calculate the kernel density estimation in order to compute the home 
range sizes of nine female cheetahs.  Eli was from Maine and he is the head cheetah keeper and 
head of the release program for the rewilded and relocated cheetahs.  He provided me with the raw 
data and he helped guide me in the right direction on how to properly process, input, and analyze 
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my findings.  Eli was also in charge of tracking a rewilded female cheetah, Zinzi, and her three 6 
month-old cubs.  I quickly became a part of the tracking team since I was analyzing her current 
GPS satellite points via radiotelemetry.  Lastly, Dr. Laurie Marker was my mentor while abroad in 
Namibia.  I had multiple meetings with her throughout the day, even during dinner we discussed 
our findings and any questions that had developed during analysis, and what further steps we wish 
to take in order to accomplish our goals.  Our goals for the project were similar and I developed a 
very good relationship with Dr. Laurie Marker.  My project was successful, and through my 
dedicated efforts and work ethic, I was offered the opportunity to continue my research while here 
in the United States.  My findings were only a stepping-stone to what I wish to accomplish, and 






























Review of Literature  
 
1.  Introduction: 
 
 The cheetah, known for being the fastest land mammal in the world has begun to dwindle 
in numbers (2, 4).  Fewer than 15,000 cheetahs remain in the wild in Africa, endangered due to 
low genetic variation and vulnerable to environmental and ecological changes (2, 3, 7).  From 
1980 to 1991, Namibian farmers eradicated 6,818 cheetahs usually by live trapping where the 
cheetahs were then killed or sold into captivity (1, 2, 3, 12).  Loss of habitat had resulted in the 
separation of predators and prey in Namibia, which had pushed the cheetahs to travel beyond their 
protected areas (1, 2, 3, 7).  Prey species (e.g. warthogs, steenbok, springbok, etc.) had become 
residents within the farmland, encouraging the movement of cheetahs to commercial farmlands 
(7).  Today, 90% of free-ranging cheetahs live on commercial farmland in Namibia and this 
resulted in perceived increased predation on farmer’s livestock (6, 7).  The image of the cheetah 
had changed in the eyes of the people from the cats that once sat at the feet of emperors, to 
worthless vermin, responsible for a large amount of financial loss (2, 3, 5).  
 Prior to 1990 Namibia’s winning independence from South Africa and its apartheid rule, 
the native people had been pushed to the northern part of the country where they lived in 
communal farming areas (13).  The remaining areas were owned by whites who designated the 
area as commercial farmland (13). The South African Administration granted rights of wildlife to 
commercial farmlands, but they did not extend to those of communal farmlands (13).  Human-
wildlife conflict became an issue in the communal farmlands as elephants trampled crops and 
farmland.  Free-ranging wildlife was posing a threat to food security within the native 
communities and had resulted in economic losses (23).  With poaching on the rise, wildlife 
populations began to decline.  This in part led to the Community Based Natural Resource 
Management (CBNRM) Program, which was amended by the Nature Conservation Amendment in 
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1996, in order to develop conservancies to protect wildlife and the natural resources by engaging 
the local people in the process (13, 23).  A structure of ownership was created for the rural 
communities.  They were granted rights over wildlife species, same as those on commercial 
farmlands, and responsibilities for natural resource management and utilization (13, 23).  
“CBNRM empowers local people to make their own decisions about natural resources, while 
enabling them to benefit from these resources sustainably” (23).  Currently, 50 conservancies have 
been established and in 2001, 7.5 million hectares of Namibia was being established as 
conservancies (13). 
 Conservancies differed from the commercial farmlands in that boundaries were monitored 
for numbers of prey and predator species, as well as developed an economic growth in ecotourism 
and hunting.  Commercial farmlands, on the other hand, consisted of livestock farms (cattle and 
sheep in Southern Namibia) and game farms, used for selling wildlife and trophy hunting (14).  
Commercial farmlands had eliminated larger predators, including lions and spotted hyenas (12, 
14).  Cheetahs avoided the threat of large predators by moving their territories to primarily within 
commercial farmlands (3, 14).  There was a stable water source, which was important for lactation 
of female cheetahs, and which nourished plant life during droughts in the arid grasslands of 
Namibia (14, 15).  
 The human-wildlife conflict revolves around the misperception of cheetahs as pests (12).  
Commercial game farms see the cheetahs as a threat to their wild game that is sold at auctions and 
used for commercial hunting.  There has been little economic incentive to tolerate the cheetahs 
(12).  So the range, territory sizes, and population of cheetahs have been affected over time by a 
number of factors including habitat, accessibility of prey, available water sources, and human-
wildlife conflict.  Therefore, the question that my project will address is: how has the home range 
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and movement of cheetahs changed over time and what does this mean for the conservation of the 
cheetah?  
 The Cheetah Conservation Fund, founded in 1990 by Dr. Laurie Marker, is currently the 
top world organization dedicated to saving the cheetah through scientific research that aims to 
better the ecosystem in addition to the cheetah (1, 7).  The Cheetah Conservation Fund has 
conducted research on the cheetahs’ population survivability based on the stability of the 
ecosystem, including “farmland management, prey species management, and habitat stability” (7).  
Aspects of the Ecology of the Cheetah (Acinonyx jubatus) on North Central Namibian Farmlands 
by Dr. Marker included the average home range size determined for both male and female 
cheetahs (7).  From 1993 to 1997, 8 female cheetahs and 20 male cheetahs were radio tracked and 
the average home range size was determined (7).  The female cheetahs over all had a larger home 
range size then the male cheetahs (7).  Female cheetahs had an average home range size of 1,591 
km2, while the male cheetahs had an average home range size of 1,123 km2.  It was found that the 
female cheetahs had a larger home range than those of male cheetahs. This data was important to 
show local farmers the position of the cheetahs relative to their herds, and investigating alternative 
methods of conflict resolution that were non-lethal, such as wildlife management for tourism and 
meat production.  The GPS satellite radio collars were an excellent non-invasive way of 
monitoring the positions of the cheetahs and tracking their daily movements.  
 Distnquishing Technology from Biology: A Critical Review of the Use of GPS Telemetry 
Data in Ecology by Mark Hebblewhite and Daniel T. Haydon discussed the advantages of using 
GPS radio telemetry when understanding animal ecology and conservation (28).  The Craighead 
brothers were the first to use radio collars on wildlife, specifically on grizzly bears at Yellowstone 
national park during the 1960s with VHF homing (28).  Mark Hebblewhite and Daniel T. Haydon 
analyzed and compared many studies using radio telemetry and found that collecting data on 
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animal movements and understanding them will increase the ability for ecologist to conserve the 
species and ecosystem (28).  Specifically, the GPS radiotelemetry was found to provide precise 
spatial data on the location and animal movements better then VHF or camera trapping (28).  The 
reduction in human resources needed to monitor animal movements has also allowed ecologists to 
focus more of their effort in connecting the animal movements with the status of the habitat, such 
as, vegetation and forestry (28).  This has allowed ecologists to better identify the animal’s 
preferred niche, and help target where conservation is most needed.  In addition, it has shown 
where human recreation and expansion has affected animal movements and what is available to 
the animal.  Animal movements are affected by resource availability, and so with this changing 
over the past few decades, animal movements have been changing as well (28).   
 Chundawat Singh Raghunandan conducted a study on the home range size of tigers in the 
Panna Tiger Reserve (PTR) (19).  He used triangulation to monitor the movements of six tigers 
and determined the home range sizes based on kernel density estimation1 (19).  The tigers were 
tracked either by foot, vehicle, or elephant once every three to four days from 1996 to 2005 (19).  
There was an accumulation of nine years of data with an average of 1,390 days tracked (19).  He 
paired his knowledge of home range size with his prior knowledge of topography and forest types 
within the protected area (PTR) to investigate the local extinction for the past 100 years (19).  
Using radio telemetry to determine the home range size based on kernel density estimation was 
effective in this study, and a similar method of analysis will be used in this study. 
 The amount of resources available to suit an animal needs determines the size of its home 
range.  Food and water for example are vital in the “ecological network” that is important when 
estimating the carrying capacity of a certain species (29).  GPS radio telemetry gives ecologists an 
opportunity to investigate new ways to determine wildlife disturbance susceptibility by using GIS 																																																								1	Kernel density estimation is an estimation of density that is calculated based on the underlying distribution of points.		
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to model the relationship between foraging resources, home ranges, pathways and shelter (29).  
The Home Range Size and Daytime Habitat Selection of Leopards in Huai Kha Khaeng Wildlife 
Sanctuary, Thailand by Saksit Simcharoen et al. used radio telemetry to determine the seasonal 
variation of home range size and habitat selection of nine leopards over a five year period (21).  In 
addition, Therese M. Donovan et al. used GPS radio telemetry to map and estimate the home 
range size of 12 radio-collared bobcats in Vermont, USA (20).  After the bobcats were under GPS 
surveillance from 2005 to 2008, the home range size and boundaries were estimated and their 
movements were used to determine the utilization distribution (20).  The utilization distribution 
was used to analyze how different areas of the bobcat’s territory, topography and resources, were 
used (20).  Habitat utilization paired with understanding animal movements is vital when 
attempting to conserve a species, and radio telemetry with GIS analysis has been proven to be a 


























2.  Study Area: 
 
 The commercial cattle farmland where 90% of free-roaming cheetahs reside in Namibia 
covers 275,000 km2 of land (7).  The Cheetah Conservation Fund (marked by a star in figure 1) 
owns farmland outside of the center (marked by orange colored boxes) including a conservancy 
area (southwest portion of the Waterberg plateau mountain), fenced-in game farms, communal 
land, and commercial farmland with in the Waterberg plateau region (7).  The white boxes 
represent the Waterberg Conservancy, which is a freehold conservancy, meaning that the area is 
legally protected (figure 1) (33).  It includes the CCF, the Waterberg Guest Farm, and the 
Waterberg Plateau Park as well as other commercial farms that work together to conserve the 
ecosystem (33).  The green figure in figure 1 is the Waterberg plateau where on top lies the 
Waterberg Plateau Park (33).  Beyond the boxed territories are commercial farms mainly of cattle 
and karakul sheep.  In total, rewilded cheetahs released from the CCF onto the CCF land covers 
approximately 15,000 km2 (7).   
 Namibia is a semi-arid or arid desert that is divided into four biomes based on flora and 
fauna species, and rainfall distribution (24).  Within the North central farmlands, grassland 
savannahs are predominately covered by Thornbush.  Figure 1 displays the 200,000 hectares that 
surround the CCF (24).  Among these neighboring farmlands is where most of the radio collared 
female cheetahs have created their home ranges.  The study area was respectively between 16.470, 
-20.051 and 17.875, -21.884 including a part of the Erindi National Park (a little south of 
Otjiwarongo) for a rewilded cheetah that was relocated when under study.  This was respectively 























































3. History of the Female Cheetahs under Study: Six Rewilded 
 
 The history of the nine female cheetahs under study is important to understand.  The only 
histories collected were on the six rewilded female cheetahs in this study.  The rewilded cheetahs 
were brought into captivity at a young age and then released back into the wild.  This was a 
concise review of the history from colleagues, Eli Walker and Bridget Regan.  
 
Emma (AJU# 1512), Minja (AJU# 1511), and Jacomina (AJU# 1510):  
Emma and her two sisters, Minja and Jacomina were caught on a farm in the Okahandja region 
after their mother had been shot.  The three siblings were estimated to be around a year old and 
were brought to the CCF in March of 2007.  The three sisters were named after the daughters of 
the farmer on whose land the cats were captured.  Emma was placed into the main Bellebenno pen 
along with her sisters in July of 2009.  They were released in December of 2013.  Emma and her 
sisters were often referred to as ‘The Wild Girls’ due to their wild behavior.  All three of the 
sisters are currently deceased.  
 
Kekay (AJU# 1617) and Skiet (AJU# 1615): 
A farmer near Otjiwarongo called the CCF reporting that he had shot two cheetahs in his goat 
kraal while they were attacking his livestock.  The cheetahs had killed two goats and two sheep in 
the attack and he had shot the mother and one cub, with three other cubs escaping.  He asked if the 
CCF would be interested in collecting the bodies.  We arrived at the farm to collect the bodies and 
asked if he would help us to try and trap the cubs.  As he did not have a cage trap, we said we 
could bring one to the farm the next day.  The mother cheetah had a badly broken back leg (the 
bone was sticking through the skin) and had been struggling to provide for her cubs, hence 
becoming a problem animal.  The dead cub was a male and was thin but otherwise in reasonable 
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condition.  It took several days before the living cubs were caught and the farmer moved the trap 
according to the direction from which he heard them calling around his farm.  On the 17th of May 
he trapped all three cubs by the afternoon and called us to fetch them.  The medical workups were 
conducted the same evening – two females and one male cub; they were dehydrated and thin but 
otherwise fine.  The estimated age of the cubs was 6-8 months old.  The two females were named 
Skiet and Kekay.  Kekay looks a lot like her sister Skiet, but can be identified by the lack of a 
white tip on her tail, as well as, having bright white fur just underneath her eyes and around her 
nose.  The sisters were released in April of 2014.  Kekay had a litter in July of 2014.  Both sisters 
are currently deceased.  
 
Zinzi (AJU# 1619): 
Zinzi was caught in a cage trap by a farmer in the Karibib region in August of 2011.  The farmer 
had recently bought a small herd of dorper sheep.  Over a period of a month he lost 9 sheep. The 
carcasses showed a similar pattern of what was eaten – the soft meat of the hindquarters and the 
organs, but not the intestines.  He saw spoor around the kills, but was uncertain as to which 
predator was killing the livestock.  He then set up a trap in the camp where the dorper sheep were 
kept and subsequently caught one subadult cheetah.  He said that he chose the location of the trap 
as he found spoor near that spot – some were large spoor and others smaller.  It seems that this cat 
that was captured was one of a litter of cubs and the mother was with them, who was probably the 
cause of the livestock losses (particularly going by the description of the kills by the farmer).  The 
CCF suggested that he keep the cheetah in the trap that evening and examine the area in the 
morning for fresh spoor to see whether the mother and cubs would come back to the trapped cub.  
If they visited again that night, we would box the cub and keep the cage trap open next to it to try 
and catch the other cheetahs.  If they did not visit, we would bring the trapped cheetah back to the 
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CCF for examination.  On the morning of the 27th of August we contacted the farmer and he said 
that it seemed that the other cheetahs had not come back for the trapped cub.  The cub, named 
Zinzi, estimated to be 10-12 months old was brought to the CCF.  The farmer said that he would 
reset the trap to try and catch the mother and cubs, but the CCF warned him that it might not work 
as the other cub had been taken away from the area.  It is possible that the mother is healthy and is 
resorting to killing sheep in order to feed her cubs, as the game is sparsely populated in this area.  
Zinzi was kept at the CCF and was released July of 2014.  She had a litter in March of 2015, but 
due to a poor den location, hyenas killed the cubs.  She had a second litter in September of 2015.  
This litter consisted of four cubs, but one died when six months old.  A leopard killed Zinzi in July 





























4.  Methods and Materials: 
 
 Using radio telemetry, ArcGIS 10.3, Geospatial Modeling Environment, and R 3.2.1 (a 
statistical program), I was able to determine if the daily movements, overall home range, and core 
home range among nine female cheetahs were statistically significant among three seasons.   
 Radio telemetry, or homing, is a common method using GPS (Global Positioning System) 
satellite or VHF (Very High Frequency) to track radio-collared wildlife.  Each of the nine cheetahs 
had been wearing a radio collar for a few months up to a few years that contained a VHF and a 
GPS signaling device which both had been used to locate the cheetah.  The GPS sent a 
latitude/longitudinal point via satellite, which was collected to a computer database.  These points 
were referred to as a fix.  The radio collar was programmed to send the fix, or location of the 
cheetah to the computer via satellite at predetermined intervals.  This interval varied for each of 
the nine cheetahs and had changed over the course in which the cheetah was under surveillance.  
The interval varied from every four hours to every 24 hours.  Over the course of a few months, a 
pattern had developed where fixes overlapped and formed a range of where the cheetah had 
claimed territory for prey, water, and mating status.  These data had been prepared for me, prior to 
my arrival to CCF, in the form of an excel spreadsheet.  The latitude and longitudinal coordinates 
were placed into columns as decimal degrees in Excel.  By inputting the coordinates into ArcGIS 
10.3 mapping software, I was able to analyze these patterns and measure the size of the home 
range of the nine female cheetahs.  
 Most of my time at the Cheetah Conservation Fund was spent initially filtering the data.  
The data ranged over 8 years, from 2008 to 2016.  Six of the female cheetahs were rewilded, 
which meant that they were in captivity for a few years before being released back into the wild.  
The other three female cheetahs were wild.  The average number of GPS locations collected for 
the six rewilded cheetahs were 4,165.5 ± 2,582 fixes (latitudinal/longitudinal GPS points), and the 
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three wild cheetahs were 1,219.3 ± 184.6 fixes.  The average number of months the six rewilded 
female cheetahs were tracked under GPS radio telemetry was 11 ± 6.1 months and the three wild 
female cheetahs was 8.7 ± 3.2 months. The average age of the female cheetahs were 64.2 ± 24.2 
months.  Most of the data that I handled had already been collected.  However, I was fortunate to 
be able to use current collected data on a rewilded female cheetah named Zinzi.  
 The data of these six female cheetahs was conditioned with Microsoft Excel using IF 
functions, which revealed some challenges.  Since the data I was working with had been collected 
nearly 8 years ago, there were problems in the consistency of data collection.  Initially, the 
Cheetah Conservation Fund had used aerial sightings via helicopter to locate the cheetah.  The 
CCF began to use GPS radiotelemetry as their major tool for tracking to monitor wild cheetahs in 
1993, then verified with aerial tracking via fixed airplane (7).   
 However, the time interval at which a GPS location was retrieved by the radio collar was 
inconsistent among all nine cheetahs.  It seemed that there was a problem in programming an 
interval into the radio collar.  Because of this, during the course of time that a cheetah was under 
study, the interval at which this location was sent to the computer had changed multiple times.  
The time interval and the number of times that this time interval had changed were different for 
each of the nine female cheetahs.  The wild female cheetahs were under radio collar surveillance 
at a time when the CCF was still trying to figure out how to properly use the GPS programming 
part of the radio collar.  Before then, aerial surveillance and VHF was only used.  The rewilded 
female cheetahs had more consistent time intervals with one another, indicating that a system had 
been created where the cheetah was first signaled to document a GPS location every hour for 24 
hours, then every 4 hours, and then every 6 hours.  However, overall, the time intervals were 
inconsistent across all nine female cheetahs.  This only posed a problem for analyzing the daily 
movements of the female cheetahs.  
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 To fix or deal with this complication, the data was separated based on the interval.  This 
was done by first rounding up the UTC (Coordinated Universal Time) time to the nearest hour.  
There were several instances where an hour was skipped or a day was missed and so a series of IF 
functions was used to filter the data so that the intervals were rolling and continuous.  For 
example, if the interval of coordinate location taken from the radio collar via satellite were every 6 
hours, then there would be 4 fixes collected within a 24-hour time period for the entirety of the 
cheetah’s time under study.  For a 5-hour time interval, because of the odd number that is not 
divisible within 24 hours, the time interval was considered to be rolling.  Such as, the first time 
interval being 00:00:00 to 05:00:00, but the following day the time interval would change to 
01:00:00 to 06:00:00 and so forth.  Separating, grouping, and much patience was needed.  Any 
unnecessary repeats of coordinates or a missed interval was then deleted.  The data for each 
interval was then looked over to make sure that for each day of collection, the same amount of 
fixes were collected.  This took an enormous amount of time, and a bit of frustration, but it was 
necessary in order to produce consistent results when calculating the daily distance moved.  It also 
taught me about proper data collection and that you should always have a question in mind before 
collecting data.  
 Once all of the data had been separated based on interval in regards to performing an 
analysis on the daily movements of the female cheetahs, each time interval was coded with a 
number.  Dr. Marker had directed me to code the intervals in order to see if there would be any 
overlaps in time intervals amongst the nine female cheetahs.  My co-worker, Eli Walker, helped 
me use excel equations to then convert the decimal degree coordinates to calculate the distance 
between fixes in km.  So if there were 4 fixes collected for a 6-hour interval, then there would be 4 
different distances (km) calculated for a 24-hour time period.  Due to rainfall, availability of water 
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sources, and movement of prey seasons, the data was also filtered and separated based on the 
season that a fix was collected.  
 So once the data was filtered by time interval, in addition to the season, for each of the 
female cheetahs, pivot tables were used in order to extract the average distance between fixes (km) 
for the coded time period for the entirety of the time under study as well as during the three 










Table 1 is an example of a pivot table from one of the female cheetahs named Zinzi during the 4-
hour time interval programmed to her radio collar.  There are 6 fixes collected in a 24-hour time 
period.  This pivot table shows the total average of distance moved between fixes (km) amongst 
the 6 time intervals, and during the three different seasons: 1 is the hot and wet season, 2 is the 
cold and dry season, and 3 is the hot and dry season.  The n represents the number of fixes used in 
the approximation for each of the three seasons and within the time interval.  Below is a table 
created based off of the pivot table above where you can see the average distance between fixes 
Average	Distance	between	Fixes	
(km)	for	3	Seasons	of	AJU#	1619	
	 	 	 	
	 	 	 	 	Time	Interval-	4	hours/24	hours	 Season	1	 Season	2	 Season	3	 Total	
00:00:00-03:59:59	 0.00	 0.20	 0.99	 0.22	
04:00:00-07:59:59	 0.18	 0.96	 0.45	 0.87	
08:00:00-11:59:59	 0.29	 1.29	 0.67	 1.18	
12:00:00-15:59:59	 0.28	 0.50	 0.01	 0.46	
16:00:00-19:59:59	 0.32	 1.31	 0.60	 1.19	
20:00:00-23:59:59	 0.01	 0.60	 1.26	 0.59	






(km) during a time interval within a 24-hour day and among the three different seasons (table 2).  
From the table, a line graph was then created (figure 3).  
 
 
    Average Distance between Fixes (km) 
  Time of Day Hot&Wet nhw Cold&Dry ncd Hot&Dry nhd Total 
1 3:00:00-6:59:59 0.00 7.00 0.20 66.00 0.99 4.00 0.22 
2 7:00:00-10:59:59 0.18 7.00 0.96 66.00 0.45 4.00 0.87 
3 11:00:00-14:59:59 0.29 6.00 1.29 66.00 0.67 4.00 1.18 
4 15:00:00-18:59:59 0.28 6.00 0.50 67.00 0.01 4.00 0.46 
5 19:00:00-22:59:59 0.32 6.00 1.31 67.00 0.60 4.00 1.19 






 This form of analysis was performed among all of the time intervals for each of the nine 





























that show the average distance between fixes for the different time intervals for each of the 
cheetahs.  The problem that was found during the analysis was that some of the time intervals did 
not span over all of the three seasons, and there was not an equal amount of fixes amongst the 
three seasons.  This again was an error due to improper data collection prior to my arrival at the 
Cheetah Conservation Fund. 
 The home range analysis on the nine female cheetahs did not require the additional 
processing of the data with IF functions since only the coordinates were needed to the run the 
analysis by inputting it into the mapping software, ArcGIS 10.3.  The data was separated by 
season, year, and month so that an overall, seasonal, annual, and monthly home range size (km2) 
could be calculated.  ArcGIS was more used as a visual aid on the location of the cheetahs while 
under study.  The surrounding farmlands, conservancies, water sources, roads, etc. could be loaded 
into the ArcGIS to see the global positioning of these geographical features in comparison to the 
location of the cheetah.  The Cheetah Conservation Fund provided these shapefiles (data format 
for ArcGIS).  
 Importing the data was not a challenge since the coordinates (latitudinal and longitudinal 
points) were converted to decimal degrees, which was compatible with the ArcGIS software.  In 
the excel file, the latitudinal and longitudinal (X and Y) coordinates were placed into two adjacent 
columns.  The excel file was then imported into the ArcGIS system where the XY coordinates was 
then saved as a shapefile.  The shapefile was then added as a layer, displaying the location of the 
cheetahs as a dot on the new map.  In addition, the data frame of the program had to be set to 
WGS 1984 (World Geodetic Survey), a geographic coordinate system that displays points on a 
three dimensional surface, in order to display the latitudinal and longitudinal points.  Once the file 
was saved as a shapefile, and the data frame was set to WGS 1984, the shapefile was imported 
into the software and each latitudinal and longitudinal point was displayed as a dot.  
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 Once the XY shapefiles were saved for each of the nine female cheetahs, The Geospatial 
Modeling Environment (GME) was used to determine the kernel density estimation (KDE).  GME 
is a program used for spatial quantitative analysis and modeling specifically for Geographic 
Information Systems.  KDE is a non-parametric way to determine the density of a distribution of 
points, in this case a Gaussian distribution.  It determines the “hot spots” or the highest probable 
area where the cheetah spends most of their time due to the overlap of fixes, the probability of 
finding the animal within the area.  This function combines the density with unit volume for each 
fix and superimposes grids on top of one another in order to create a sum volume, or probable 
density.  
 In order to calculate the KDE for an XY shapefile, after importation into Geospatial 
Modeling Environment, the cell size was determined by using the smaller value of variance 
between the latitudes and longitudinal decimal degrees.  In addition to the cell size, the 
bandwidths are the two main measures used to calculate the density.  The bandwidth is like a 
circle that counts the number of fixes within the circle.  The type of bandwidth used for the home 
range analysis was SCV (smooth cross-validation), an algorithm that was chosen to work best with 
the data.  After the cell size was determined, and the SCV was chosen for bandwidth, then a 
rectangular box was drawn with the box polygon tool (edgeinflation of 1).  This drawing of a box 
around the fixes occurs in the ArcGIS software with the XY shapefile layer.  The decimal degrees 
of the four corners of the box are inserted into the Geospatial Modeling Environment KDE 
calculation, and then the estimation is able to run.  The result is the production of blocks where a 
whiter color represents a more dense area; a higher probability that you would find the cheetah 
within that area.  The surrounding area is black.  So the more white the blocks, the higher the 
density of fixes, locational coordinates of the cheetah.  The KDE was then saved as an additional 
shapefile, and was imported into ArcGIS.  
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 For a more pleasing representation, the raster (pixels) data was converted into a polygon 
with the use of Isopleth tool in the Geospatial Modeling Environment program.  The Isopleth is 
used to convert the pixelated data into a boundary line that contains a specified volume of surface.  
The Isopleth is generated with the Geospatial Modeling Environment program as well.  The raster 
data via KDE shapefile was imported.  The quantities selected were 0.5, 0.7, and 0.95.  These were 
percentages that represent the probability of finding the cheetah within that specified boundary.  
0.5 Isopleth represented the core home range of the cheetah (where the cheetah spent 50% of its 
time), and the 0.95 Isopleth represented the overall home range size of the cheetah (where the 
cheetah spent 95% of its time).  Once the program ran, this new file was again saved as an 
additional shapefile, which was then imported and displayed in ArcGIS.  The Geospatial Modeling 
Environment was then used to use perform the calculations for KDE and Isopleth, while ArcGIS 
displays the figures.  
 Once the Isopleths were calculated using GME for all of the nine female cheetahs’ overall, 
seasonal, annual, and monthly home ranges, the area of the home range was calculated.  Before the 
Isopleth was imported into the ArcGIS, the data frame was changed from WGS 1984 to a 
Projected Coordinate System of 33S (southern hemisphere) in order to convert the three 
dimensional surface into a two dimensional surface so that the decimal degrees were then 
converted into meters and the area within the Isopleths could be calculated (km2).  Once the data 
frame was changed into a projection, the Isopleth shapefile was reimported into ArcGIS.  The 
layer was then selected with the mouse and a column was added, which was selected to calculate 
the Area of the 0.5, 0.7, and 0.95 Isopleth in meters.  This calculation was the home range size of 
the cheetah, and this was completed for all nine cheetahs’ overall, annual, monthly, and seasonal 
home range size.   
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 In order to determine the statistical significance of the daily distance moved and home 
range size, the Kruskal Wallis test and post-hoc test was performed with the statistical 
programming software R 3.2.1.  Once the daily distance moved and the home range size across the 
three seasons were calculated, they were recorded for all nine female cheetahs onto an excel file.  
Then a statistician that was currently at CCF, Bogdan Christescu, showed me how to use R 3.2.1.  
He specifically showed me how to perform the Kruskal Wallis test and post-hoc test by using a 
sequence of codes.  The software was very sensitive, and the code had to be inputted in a very 
specific sequence or else the software would fail to run the test.  Once completed, the p-values 
determining statistical significance was calculated and the spread of data was displayed as a box 


















5.  Results:  
 Through the statistical program, R 3.2.1, the analysis using the Kruskal Wallis test and 
post-hoc test determined that there were no statistical significance between the seasonal home 
range size amongst the nine female cheetahs, and no statistical significance between the seasonal 
daily distance moved amongst the nine female cheetahs.  
 Other than the data processing, filtering, and using different software, I had a lot of 
information to group and take into consideration when analyzing the results.  Because I worked 
with both rewilded and wild cheetahs, I wanted to know the locations at which the cheetahs were 
released.  Some of the rewilded cheetahs had a radio collar placed before they were released.  By 
knowing their release date, I was able to extract and only use the data at which they were actually 
in the wild.  Table 3 shows the location at which the cheetahs were released or started to be 
surveilled by GPS radiotelemetry in addition to the date at which they were captured, released, and 
end of tracking.  AJU ID# is the identification number the cheetah was given by the Cheetah 
Conservation Fund.  RW stands for rewilded and W stands for wild. This gave me a better spatial 
awareness of the start and ending location for each of the nine female cheetahs.  
 
          Release Location     
AJU# RW/W 
Date of Initial 





1510 RW 09/03/2007 Okahandja 12/21/13 -20.45332 17.04922 170.68 6/11/15 
1511 RW 03/04/2007 Okahandja 12/21/13 -20.45336 17.04918 170.67 11/25/14 
1512 RW 03/08/2007 Okahandja 12/21/13 -20.45336 17.04917 170.67 9/25/14 
1555 W 08/29/2008 Okahandja 8/31/08 -21.34867 16.95003 70.65 7/8/09 
1606 W 10/25/2010 Otjiwarongo 2/28/11 -20.52733 17.09829 46.93 7/30/11 
1615 RW 05/17/2011 Hog's Heaven 4/2/14 -20.33537 17.07594 0.24 9/18/14 
1617 RW 05/17/2011 Hog's Heaven 4/2/14 -20.33537 17.07594 0.24 10/2/14 
1619 RW 08/27/2011 Eric se Pos Waterhole 6/18/14 -20.33567 17.07573 2.75 - 




  Figure 3 displays the home range of a rewilded female cheetah named Zinzi, while Figure 
4 displays the home range size of a wild female cheetah named Wild Mum 1.  The area within 
these Isopleths (0.95, 0.7, and 0.5) were calculated for the nine female cheetahs for their overall, 
annual, monthly, and seasonal home ranges.  There are three seasons in Namibia (Hot & Wet, Hot 
& Dry, and Cold & Dry).  On the maps (figures 3 and 4) you can see the spread of territory over 
the surrounding land of the CCF and the Waterberg Conservancy.  Notice that Zinzi’s territory 
included areas not within the Waterberg Conservancy, which was surrounding commercial 
farmland consisting of cattle and game (figure 3).  There, Zinzi was at risk of being killed by 
surrounding farmers who are not as tolerant of predators on their land and roaming near their 
livestock.  A communication model is key with neighboring farmers to prevent the use of lethal 
forces against the cheetahs, and the CCF has made a great effort in keeping the peace amongst 
farmers and cheetahs.  This was only a glimpse and an overall view of my findings, and the rest of 
my maps are listed in the appendix A and B.  Note that the Waterberg plateau is not marked on 

















































 In addition to calculating the area in which a cheetah claimed territory, I learned that a 
behavior analysis could also be performed.  Based on the pattern of movement, it can be 
determined by cluster analysis when a cheetah is moving, stationary, and even when a cheetah 
may have given birth to a litter of cubs.  Figure 5 is a map of Zinzi’s home range during Season 1 
of 2015.  The arrow indicates the location of her den when she gave birth to her four cubs on 














 I did not perform the analysis of locating the birth of a litter of cheetah cubs (Table 4), but 
was showed the possibilities by one of my additional mentors at the Cheetah Conservation Fund, 
Eli Walker.  Eli Walker was the head cheetah keeper as well as in charge of the cheetah release 
program.  I worked closely with him to receive and organize the data, as well as, how to properly 
display and represent my data and the results.  He has worked with the CCF for over five years, 
and so he knew the data better then I ever could.  He showed me the location of where Zinzi gave 
AJU# Animal ID Birth of Litter 
1619 Zinzi 05, March 2015 
    12, September 2015 
1617 Kekay 08, July 2014 
1615 Skiet   
1510 Jacomina In captivity 
1511 Minja   
1512 Emma   
1555 Omatako 21, March 2009 
1606 Wild Mum 1 23, June 2011 




birth to her cubs, and the possibilities of what can be determined based on GPS radiotelemetry.  
Table 4 displays the date at which a female cheetah had given birth to a litter.  Based on looking at 
the GPS radiotelemetry and the overlap of fixes, it was determined that five of the female cheetahs 
I had worked with had given birth to a litter of cubs at one point while under study.  Jacomina, 
however, had given birth while in captivity at the CCF.  Larger predators, due to a poor choice in 
den location, killed Zinzi’s first litter.  Zinzi then gave birth to a second litter, and was a great 
mother, raising her four cubs.  She lost one, but the three cubs are alive and well.  Unfortunately, 
Zinzi was killed when I had returned back to the states, speculated to be from a leopard attack.  
Fortunately, all three cubs were captured and are now residents at the CCF.  
 Below, displayed in figures 6 and 7 and table 5, were the results of the home range analysis 
including the overall home range size for the rewilded and wild female cheetahs.  The wild 
cheetahs had a larger home range estimation then the rewilded cheetahs with an average 95% 
kernel of 1,738.7 ± 2,050.3 km2 and an average 50% kernel of 302.7 ± 393.9 km2 (refer to 
appendix C).  The rewilded cheetahs had an average 95% kernel of 391 ± 245.1 km2 and an 
average 50% kernel of 49.3 ± 26.9 km2.  Note that the number of fixes were not constant amongst 
the nine female cheetahs. The 95% Isopleth being the overall home range and 50% Isopleth is the 
core home range size measured in km2.  Among the 95% Isopleth, the largest home range size was 
Wild Mum 2, a wild cheetah with a home range size of 3729 km2.  This value seems inflated and 
the reason is unclear as to why the area is so large.  It may be due to environmental or human 
impacts on the territory of the cheetah, but further ecological examination would be required to 
find a conclusive answer.  The largest overall home range size amongst the rewilded cheetahs was 
Emma with an area of 686 km2, with Zinzi coming in close second with an area of 614 km2.  
Figure 6 and 7 visually assess the home range sizes amongst the nine female cheetahs, displaying 



















95% and 50% Kernel Density Estimation 












95% and 50%  Kernel Density Estimation 
for the Home Range of 3 Wild Females 
0.95	0.5	
Figure	6.		The	home	range	analysis	of	six	rewilded	female	cheetahs	using	95%	and	50%	KDE	calculation.	 Figure	7.		The	home	range	analysis	of	three	wild	female	cheetahs	using	95%	and	50%	KDE	calculation.		
substantially smaller home range size amongst the wild females with Wild Mum 1 having a home 
range size of 259 km2.  There were only three wild females that were under study, and so to 
compare only the wild females would not provide conclusive results.  So, the analysis of home 
range size for both the 95% and 50% Isopleth was analyzed with a statistical programming 

























  Home Range Size (km2) 
Females Overall 
AJU# RW/W Animal ID 95% kernel 50% kernel # of fixes 
1619 RW Zinzi 614 56 9066 
1617 RW Kekay 162 11 4047 
1615 RW Skiet 507 65 3863 
1510 RW Jacomina1 133 30 1519 
1510 RW Jacomina2 100 21 2732 
1511 RW Minja 277 51 5592 
1512 RW Emma 686 92 3766 
1555 W Omatako 878 108 1431 
1606 W Wild Mum 1 259 44 1135 
1623 W Wild Mum 2 3729 597 1269 
 
 
 Figures 8 to 13 and table 6 shown below are the home range analysis for the rewilded and 
wild female cheetahs when divided into the three different seasons.  In addition, figures 14 to 17 
and table 7 display the home range analysis for the rewided and wild female cheetahs when the 
seasons were split into the wet and dry season by an IF function in the excel file.  An example of 
the IF function is displayed below: 
 =IF(AND(VALUE(TEXT(G2,"mmdd"))>415, VALUE(TEXT(G2, "mmdd"))<1015),"dry", 
"wet")  
This IF function was provided to me by Dr. Laurie Marker and was instructed by Eli Walker.  













95% and 50% Kernel Density Estimation 












95% and 50% Kernel Density Estimation 












95% and 50% Kernel Density Estimation 













95% and 50% Kernel Density Estimation 






analysis was then used to further determine if there were any statistical significance in the home 





































95% and 50% Kernel Density Estimation 












95% and 50% Kernel Density Estimation 















  Home Range Size (km2) 
Females Season 1 Season 2 Season 3 












kernel # of fixes 
1619 RW Zinzi 434 73 2368 728 61 3124 205 14 3574 
1617 RW Kekay 49 8 680 156 5 2029 48 7 418 
1615 RW Skiet 85 19 692 293 32 2949 8 10 222 
1510 RW Jacomina1 114 22 1312       17 3 207 
1510 RW Jacomina2 74 15 699 44 7 993 66 14 797 
1511 RW Minja 62 11 2203 202 36 2704 267 55 685 
1512 RW Emma 468 61 2449 496 86 950 45 20 367 
1555 W Omatako 359 52 553 143 24 317 1158 325 561 
1606 W Wild Mum 1 179 48 327 135 10 696       













95% and 50% Kernel Density Estimation 











95% and 50% Kernel Density Estimation 













95% and 50% Kernel Density Estimation 












95% and 50% Kernel Density Estimation 































    Home Range Size (km2) 
Females Overall Wet Dry 












kernel # of fixes 
1619 Zinzi 614 56 9066 337 41 4717 649 48 4349 
1617 Kekay 162 11 4047 27 4 322 138 10 3725 
1615 Skiet 507 65 3863 34 1 331 446 53 3536 
1510 Jacomina1 133 30 1519 133 30 1519       
1510 Jacomina2 100 21 2732 101 23 1059 75 12 1677 
1511 Minja 277 51 5592 116 19 2494 33 42 3098 
1512 Emma 686 92 3766 259 56 114 475 89 163 
1555 Omatako 878 108 1431 959 197 974 211 31 457 
1606 Wild Mum 1 259 44 1135 180 87 327 224 17 808 
1623 Wild Mum 2 3729 597 1269 2097 360 761 4059 409 444 
 
 
 The home range sizes among the nine female cheetahs shifted, contracted, and expanded in 
size by season and year.  R 3.2.1, a statistical program, was used to determine if the areas 
calculated were significant amongst the nine female cheetahs.  Since female cheetahs only have a 
gestation period of three months, cheetahs may give birth twice a year, depending on the survival 
of the litter.  Because of the birth of cubs happens within a season, it was decided to calculate the 
statistical significance of the nine cheetah home ranges among the three seasons.  The tests used 
were the Kruskal Wallis and the post-hoc test.  The Kruskal Wallis test was used to compare two 
or more independent variables, in this case, the three different seasons.  The Post-hoc test was 





























season 1 and season 2, season 2 and season 3, and lastly, season 1 and season 3.  Figure 18 has the 
Kruskal Wallis test run for the 95% KDE (overall home range) and Figure 19 are the results of the 
Kruskal Wallis test for the 50% KDE (core home range).   
 
 
Box and Whisker Plot Values (km2) 
95% Kruskal Wallis Test 50% Kruskal Wallis Test 
 S1 S2 S3 S1 S2 S3 
Minimum 49 44 8 8 5 3 
25th Percentile 76.75 143 45 16 10 10 
Median 146.5 202 66 35 32 14 
75th Percentile 415.25 496 267 58.75 61 42 























 The Kruskal Wallis test displays a box and whisker plot to display the distribution of 
points and the variability.  In seasons 2 and 3 of figure 18, as well as, in all three seasons of figure 
19 are outliers.  Outliers are values that exceed the range of the other data values, and may skew 
data.  On the other hand, the box and whisker plots are normally distributed other than season 1 of 
figure 18 which is slightly skewed to the left, meaning that more of the home range sizes were 
lower than the spread of data.  The horizontal lines closest to the x-axis in both figure 18 and 19 
represent the minimum value, and the horizontal line furthest from the x-axis represents the 
maximum home range size value.  The bottom of the box represents the 25th percentile, the top of 
the box represents the 75th percentile, and the line inside of the box is the median (50th percentile).  
These values are displayed in table 8.  Note from the box and whisker plots that there is no strong 






 The 95% KDE had a p value of 0.32 and the 50% KDE had a p value of 0.51 as shown by 
table 9.  To be statistically significant, the p value must be less than 0.05.  The post-hoc test 
furthermore confirmed that there was no statistical significance of the core home range (50% 
KDE) and overall home range (95% KDE) of the nine cheetahs among the three seasons shown by 
table 10.  
 The daily distance moved was also analyzed among the nine female cheetahs overall (daily 
distance moved over the course under radio collar surveillance) and seasonally (3 seasons).  
Kruskal Wallis Test 
95% Kernel 50% Kernel 
 χ2 df p-value χ2 df p-value 
2.28 2.00 0.32 1.36 2.00 0.51 
  Post-hoc Test (p-value) 
  95% Kernel 50% Kernel 
S1-S2 0.69 0.95 
S2-S3 0.46 0.79 





























Time of Day 
Daily Distance Moved of 6 Rewilded Females 
1512	1511	1510	1615	1617	1619	
Figures 21 to 23 displays the average distance between fixes (km) during a 24-hour time period of 
the six rewilded female cheetahs for seasons 1, 2, and 3.  Colleagues were very excited about the 
result displayed in figure 20.  Figure 20 shows the average distance between fix (Km) across the 
entirety of radio collar surveillance for the six rewilded female cheetahs, where each fix was 
programmed to be collected every hour. This allowed a 24 hour visual of activity for the six 
rewilded female cheetahs.  The peaks in activity around 8:00:00 and 20:00:00 support the claim 
that cheetahs are diurnal species, meaning they hunt during the day.  This brings about a new 
question that I plan to further investigate with Dr. Marker: how does the daily distance moved 
compare between rewilded and wild cheetahs?  The movement of these six rewilded cheetahs are 
immensely similar, and why is this?  The overarching goal is for the rewilded cheetahs to have the 
same home range size and distance moved as the wild cheetahs.  We want the cheetahs that were 
once captive to be just as successful in the wild as born wild cheetahs in order for the cheetah 


































Time of Day 
























Time of Day 
Daily Distane Moved for 5 Rewilded Females 



















































Time of Day 
Daily Distance Moved  for 6 Rewilded Females 















Distance Traveled between Fix (Km) 
  Seasons 
Females Hot-Wet (season 1) Cold-Dry (season 2) Intermediate (season 3) 
AJU# RW/W Animal ID # of fixes mean s # of fixes mean s # of fixes mean s 
1619 RW Zinzi 2368 0.24 0.56 3124 0.36 0.7 3574 0.3 0.653 
1617 RW Kekay 680 0.18 0.38 2029 0.18 0.38 418 0.28 1.37 
1615 RW Skiet 692 0.17 0.34 2949 0.18 0.37 222 0.27 0.26 
1510 RW Jacomina1 1312 0.15 0.33   
 
  207 0.11 0.27 
1510 RW Jacomina2 699 0.49 0.72 993 0.28 0.54 797 0.31 0.49 
1511 RW Minja 2203 0.12 0.29 2704 0.15 0.33 685 0.17 0.39 
1512 RW Emma 2449 0.21 0.49 950 0.43 0.84 367 0.26 0.61 
1555 W Omatako 553 0.94 1.27 317 0.9 1.28 561 1.05 1.13 
1606 W Wild Mum 1 327 0.41 1.1 696 0.41 0.75       

















 The average distance moved between fixes (Km) was calculated for the nine female 
cheetahs across the three different seasons.  As seen in figure 24, season 1 is larger and season 3 is 
smaller but they are within each other’s own maximum and minimum value.  Note in table 12 that 
there is little variation between the box and whisker plot values amongst the three seasons.  A 
Kruskal Wallis test and post-hoc test was performed and there was no statistical significance with 















Box and Whisker Plot Values: Average Distance between 
Fixes (km) Kruskal Wallis Test 
 S1 S2 S3 
Minimum 0.12 0.15 0.11 
25th Percentile 0.1725 0.18 0.28 
Median 0.3920 0.4433 0.3411 
75th Percentile 0.47 0.43 0.31 
Maximum 1.01 1.1 1.05 
Kruskal Wallis Test 
χ2 df p-value 




6.  Discussion: 
 There was no statistical significance of 95% and 50% (KDE) home range size and the daily 
distance traveled of nine female cheetahs across the three seasons that occur in Namibia.  This was 
similar to the Saksit Simcharoen et. al. study, Home range size and daytime habitat selection of 
leopards in Huai Kha Khaeng Wildlife Sanctuary, Thailand, where there was no significance 
found among six female leopards between the wet and dry season via Wilcoxon signed rank t-test. 
However, a telemetry error was estimated by the distance between estimated and actual GPS 
locations with LOAS 4.0 b, Ecological Software Solutions (21). The actual number of 
unsuccessful location attempts were not recorded, but this would have been useful in my study to 
know the efficiency of the GPS radio collars since there were incorrect recorded locations (21).  
Mark Hebblewhite and Daniel T. Haydon explained that frequent collar failures have resulted in a 
reduction of sample sizes (28).  “More data does not necessarily yield greater knowledge in 
understanding animal ecology and conservation” (28).  When filtering the data through Excel, 
double locations were sometimes taken, which had to be manually deleted from the data. The data 
had to be thoroughly checked for mistakes and ensured that the time intervals were consistent.   
Therese M. Donovan used an animal space use program (software program used for home range 
analysis and resource selection) and determined that GPS locations in forest land type had a lower 
probability of acquiring a location when studying the home range and habitat preference of 
bobcats in Vermont, USA (20).  This was used to reduce collar detection bias, and this may be 
relevant to the flaws in acquiring GPS locations of the radio-collared female in certain areas that 
might have a dense acacia bush.   
 Since the data I worked with was collected previously, there were some unexpected issues 
in that the time intervals at which the computer collected a GPS location would change or not be 
consistent with the other radio-collared cheetahs.  This was an error performed before the 
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construction of my research project, and did pose problems in trying to compare the daily distance 
moved (km) between the wild cheetahs since their time intervals differed significantly.  
Algorithms were investigated to see if any could solve the issue, but none were compatible.  
Therese M. Donovan’s study on Quantifying Home Range Habitat Requirements for Bobcats 
(Lynx rufus) in Vermont, USA kept a record of the number of bobcats under surveillance, the 
number of days before set release of the radio collar, and the time interval at which a GPS location 
was recorded, even when done so by triangulation (20).  So improper data collection was an 
unforeseen issue, but it can only be improved upon in later studies with proper data collection 
methods.   
 Mark Hebblewhite and Daniel T. Haydon explained some disadvantages when using GPS 
radiotelemetry in their study on the Distinguishing Technology from Biology: A Critical Review of 
the use of GPS Telemetry Data in Ecology (28).  One disadvantage was the cost of the radio 
collars and GPS units.  One GPS unit ranges from 2,000 to 8,000 USD, as opposed to VHF collars 
that cost only 200 to 600 USD (28).  Due to the high expense, only a few units were purchased, 
reducing the sample size.  The results from this study with a small sample size were then projected 
as a model for a larger population.  The convenience of GPS radio telemetry has made ecologists 
less proactive in the field.  Mark Hebblewhite and Daniel T. Haydon stated that “field biologist 
first and foremost,” meaning that ecologists need to continue to go out into the field to observe the 
animals under study.  They need to observe the resource availability, topography, and behavior of 
the animal in person to connect why the animal has moved to a certain location.  Then a 
management plan can be formulated to better conserve the species and the environment (28).  
Ecologists need to continue to collect and observe the species under study.  Mark S. Lindberg and 
Johann Walker concluded in their study on Satellite Telemetry in Avian Research and 
Management: Sample Size Considerations that more than 20 animals are needed in order to make 
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a reliable statistical inference when comparing two populations and for studies regarding animal 
survival, more than 50 to 100 animals are needed (30).  In this study, with only nine female 
cheetahs under study, a larger sample size is needed to get more significant results.   
 On the other hand, an approach used to overcome a decreased sample size is to use a 
validation sampling technique (28).  This technique involved an ecologist combining both GPS 
radio telemetry and VHF units to validate the movement and resource selections (kill sites and 
vegetation sampling) (28).  Fortunately I got the opportunity to take part in VHF tracking and 
investigating kill sites to ensure that Zinzi, the rewilded female cheetah that was in the field, and 
cubs were eating.  The CCF follows this approach in that the GPS radio telemetry provides the last 
24 hour GPS location of the cheetah under study, which is then verified by VHF tracking by truck 
and foot every few days. Similar tracking strategies were also performed by Therese M. Donovan 
et al. where the bobcats were aerial relocated via VHF tracking every 48 hours (20).   
 Initially I had concluded that my results were inconclusive due to numerous data collection 
errors, but “Kernohan et al. (2001) noted that kernel estimators performed even with as little as 50 
data points” is a minimum threshold for valid results (21).  Therese M. Donovan’s GPS points 
varied from 22 to 1,391 and were still used to estimate the kernel density estimation when 
calculating the home range size of bobcats (20).  Within my calculations, there were three wild 
female cheetahs and six rewilded female cheetahs with an average of 3,824 fixes, ensuring that my 
data is indeed valid.  Further study is needed with a larger sample size, and how rainfall or cubs 
may affect the movement of female cheetahs.  These results do raise more questions that are going 
under further investigation.  There was no downfall to these results, and I find it exciting that 
rewilded females maybe could be just as successful in the wild as wild female cheetahs based on 
home range size and the daily distance moved.   
 Zinzi is an example of a success story in reintroducing a once captive cheetah back into the 
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wild.  She was able to reproduce and successfully raise three cubs.  These cubs were not rewilded, 
but were wild, and truly carry the future generation of the cheetah population.  Zinzi proves to be a 
bright outlook for the rewilded cheetahs.  An analysis of home range size and average distance 
between fix (km) could be then used as a form of measurement to see if a female cheetah once in 
captivity could be successful in the wild.  I was extremely excited for these results because it 
pushes cheetah research into a new direction and provides additional information to the 
survivability of rewilded female cheetahs.  Female cheetahs’ success will ensure the future 
generations of the cheetah and knowing all that we can to ensure their survivability is the upmost 
importance.   
 Looking back to when I first began this journey, my experience and the project itself 
altered, but the overall question remains: how has the home range size of the female cheetah 
changed over time and what does this mean for the conservation of the cheetah?  Initially, I 
imagined that the cheetahs under surveillance would have occupied a smaller amount of land.  I 
thought that I would be able to use camera traps to confirm the locations of the cheetah in hot 
spots, areas where there was a high amount of activity and overlap of fixes within the territory of 
the cheetah, but I quickly learned that this was unrealistic.  First, there was only one female 
cheetah currently under radio collar surveillance, Zinzi, and the territory was so large that it would 
take weeks to months to capture Zinzi with a few camera traps set up.  In addition, Zinzi’s territory 
had spread over neighboring lands and farms, and so I would have also had to gain permission to 
place a camera trap on their land, which was not possible in nine weeks. 
 Chundawat Singh Raghunandan and Therese M. Donovan had an understanding of the 
topography of the protected area under study (19, 20), which I did not at the CCF.  Although the 
CCF staff knew the topography, specifically the ecologists, I did not have knowledge in this field 
and so I was unable to assess how certain geographical features, amount of rainfall, or 
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anthropogenic effects may have affected the home range size of the female cheetah.  Raghunandan 
Singh Chundawat et. al were able to witness anthropogenic edge effects of the forests and show 
how male dominance played a role in the expanding or constricting of a male or female tiger’s 
range (19).  Unlike my research, they had “eyes on” the tigers daily and were able to determine 
social organizations and hierarchies in addition to the various habitats, availability of prey, and 
water sources.  I was unfamiliar with all of these variables, and so additional research continuing 
from what I have started may provide more in depth results on the different variables currently 
affecting the home range sizes of the female cheetahs.   
  I also came to realize the importance of communicating with farmers and neighboring 
landowners, in order to track the cheetah and maintain an alliance to help protect the cheetahs.  
One of the times that I got the opportunity to track Zinzi was when she had traveled onto a hunting 
reserve.  We made sure that no livestock had been killed to try to keep the peace with the 
landowner by meeting with him, we allowed him to help track Zinzi.  He got to view the beauty in 
the magnificent cat, and not seeing her as a poacher on his land.   
 Similarly, Linking Community Communication to Conservation of the Maned Wolf in 
Central Brazil by Marcelo Ximenes A. Bizerril et al. found that conservation of the maned wolf 
was effective through the environmental education program (31).  Neighboring communities near 
Serra da Canastra National Park participated in training courses, cinema projects, and outreach 
programs (31).  These projects provided information to local towns on the environmental issues 
that threaten the maned wolf and communication among neighboring towns was beneficial in 
exchanging knowledge and opinions that impact conservation (31).   
 A communication model seems to be key to conservation.  An example of this would be 
the Micronesia Challenge where scientists and local communities worked together to conserve 30 
percent of the near-shore marine and 20 percent of the terrestrial resources in Micronesia 
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(composed of 2,100 islands across 7.4 million km2 in the western Pacific) (32).  Church leaders 
were notified of the danger to local fish populations including various conservation societies to 
help spread the word on the efforts to expand the protected areas to include coral reefs and near-
shore habitats (32).  Scientist Jensen Motambault explained that adaptive management and 
effective communication are needed to improve the progression of conservation  (32).  The CCF 
provides lectures for farmers on how to properly manage livestock and how to identify a predator 
based on the kill site.  For example, if a cheetah killed a goat, the carcass would be left most likely 
under a tree and the entrails would be left behind.  There would be teeth marks near the windpipe, 
and a laceration on the hindquarter from the cheetah tripping its prey.  A leopard, on the other 
hand, would leave the carcass in a tree and there would be teeth marks on the back of its neck.  
Hyenas leave nothing behind.  I go to experience this kill ID lecture myself.  These lectures allow 
the farmer to identify the true predator in the area that pose a threat to its livestock.  The CCF also 
created the Livestock Guarding Dog Program where Anatolian shepherds are bred alongside a 
herd of livestock (goats and sheep), and they protect the herd from large predators by barking and 
scaring them away.  The puppies are given to farmers, protecting their herds of livestock.  Most of 
the lectures are educational and aim for two species to live together harmoniously.   
 I had the opportunity to travel off of CCF land to surrounding land owned by Namibian 
farmers.  The Green Project was a new project formed by the CCF, and directed by Tarik 
Bodasing where camera traps were placed randomly in the surrounding area in order to calculate 
the population density of predators with the use of camera traps.  This helped keep positive 
relationships with local farmers by providing them surveillance knowledge on the predators in the 
area.  So without using camera traps for my project, I decided to set them up on the CCF’s reserve 





7.  Conclusion and Further Study: 
 Looking forward, I plan to further expand my research project with Dr. Laurie Marker on 
comparing the movement of wild and rewilded cheetahs independent of season and gender from 
when she first began radio-collaring cheetahs up until present radio-collared cheetahs.  It was a 
positive that there was no statistical significance amongst the nine female cheetahs since six of the 
nine female cheetahs were rewilded.  The next step of my research project is to calculate and 
analyze the home range sizes of wild, rewilded, and relocated female cheetahs.  A relocated 
cheetah is one that is wild, but has transferred to a new location usually due to human-wildlife 
conflict.  In addition, I plan to further investigate how cubs alter the home range size, how cubs 
have altered the daily distance, and how the daily distance moved has been altered by rainfall and 
moon phases.  Figure 25 and table 15 shows a glimpse of what I further plan to investigate.  I was 
able to overlay the movements of rewilded female Zinzi with wild female Wild Mum 1 at 

























Time of Day 









 As you can see by Figure 25, there are differences in regards to the amount of activity 
during a certain time of day.  And so, an investigation is needed to further compare the daily 
distance moved between rewilded and wild female cheetahs.  There are many variables that need 
to be considered when analyzing this comparison including rainfall, season, and reproductive 
status.  It is important for rewilded and wild cheetahs to have the same movements to prove that 
both can be equally successful in the wild.   
 In addition, during my time at the Cheetah Conservation Fund, I investigated the different 
modalities used to assess the health of a population.  Besides GPS radiotelemetry and VHF 
receiver with antenna, camera traps can also be used to asses a population in density and health.  I 
had gotten the opportunity to participate in game counts throughout the reserve and a 12-hour 
water hole game counts. I was also able to place one of my 12mp Bushnell trophy camera trap on 
a located play tree within the reserve at the Cheetah Conservation Fund. 
Wild Mum 1 Zinzi 
  Hot&Wet nhw Cold&Dry ncd Total Hot&Wet nhw Cold&Dry ncd Total 
1:00:00-3:59:59 0.19 4.00 0.55 31.00 0.51 0.30 26.00 0.15 40.00 0.21 
4:00:00=6:59:59 0.77 4.00 0.70 31.00 0.71 0.00 26.00 0.31 40.00 0.19 
7:00:00-9:59:59 0.59 4.00 0.48 31.00 0.49 0.25 26.00 0.54 39.00 0.42 
10:00:00-12:59:59 0.25 4.00 0.84 30.00 0.77 1.07 26.00 0.62 39.00 0.80 
13:00:00-15:59:59 0.09 4.00 0.43 30.00 0.39 0.81 26.00 0.33 39.00 0.52 
16:00:00-18:59:59 0.04 4.00 0.91 30.00 0.81 0.74 26.00 0.37 39.00 0.52 
19:00:00-21:59:59 0.08 4.00 0.56 30.00 0.51 0.87 26.00 0.83 39.00 0.85 




  A play tree was a tree where cheetahs use scent marking, such as spraying or defecating, 
to communicate with other cheetahs.  The tree was also used as a scratching post in addition to 
climbing in order to oversee territory and possible prey.  Figure 26 and 27 are the images I had 
received off of my camera trap near a play tree.  You can see the cheetah spraying the tree, 
marking its territory.  The spots to every cheetah is unique and so each individual cheetah can be 
identified through a spot analysis.  I did not learn how to perform this form of identification, but 

































































 The goal I wish to achieve is to make an impact on saving the wild population of cheetahs.  
 I feel that my project is only the beginning to ground breaking research I wish to accomplish and 
















 During my time at CCF, the highlights of my trip other than my research project included 
tracking Zinzi and her three cubs, presenting to the visitors of CCF, along with getting the 
opportunity to work closely with the veterinarians there to gain more clinical experience.  While 
tracking Zinzi and her three cubs, Eli and I searched for her kill sites (a left over carcass) to be 
sure that the entire family was eating.  I also got to observe Eli shoot Zinzi with a dart that 
contained antibiotics to help her recover from a corneal injury most likely from running through 
the dense acacia bush.  Tracking Zinzi was by far one of my most memorable experiences at the 
CCF.  
  I was very involved with the veterinary hospital as well.  I got to see two medical 
examinations of cheetahs while under anesthesia.  One examination was on a wild cheetah named 
Mendel, who had broken his wrist.  So the veterinarian wanted to see how he was recovering.  The 
other examination was on one of the captive female cheetahs that had an inflamed conjunctiva.  It 
was later diagnosed that she had been hit in the eye from the venom of a black spitting cobra.  I 
also was involved in treating abscesses on the goats as well as performing vaccinations.  I also got 
to see one of the Livestock Guarding Dogs, named Lady, give birth to a litter of nine puppies.  I 
even helped a colleague of mine breed a few of the Anatolian shepherds.  There was always 
something to do with the veterinarian team and I was very happy to be involved.   
 About three days of the week, I gave a forty-minute presentation to the visitors at CCF, 
which ranged from locals, to people from nearby countries in Africa, and even Americans and 
Europeans.  I lectured the visitors on the history of the cheetah, how cheetahs survive in the wild, 
and what CCF plans to do in order to maintain the wild population of cheetahs.  
 In addition, I came to value the lectures that were presented to us by some of the CCF 
staff.  I learned about Kill ID: how to properly identify which predator had killed an animal based 
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on tracks, wounds, and entities uneaten by the animal.  It was very interesting analyzing a situation 
that many Namibian farmers are facing today.  The CCF has provided seminars for local farmers 
on how to better manage their farm and protect their livestock from predators.  Kill ID allowed 
them to identify what predator may be hunting their livestock in the area, and allowed CCF to 
offer non-lethal solutions to predator problems.  
 With regard to the strengths and weaknesses of my preparation and time at CCF, I would 
say my biggest strength would be having my dad to fully prepare me with the mapping software 
since I had no background in this form of analysis.  In addition, having an advisor that had an 
immense amount of experience traveling through Africa, Dr. Drew Conroy made me feel safe and 
fully prepared culturally as I arrived in Namibia.  I feel that the Cheetah Conservation Fund was a 
great place to conduct my research.  Because I was secluded, I was able to concentrate solely on 
my project, and the people there were a major help and without them, I may not have been as 
successful.  CCF has a wonderful team and my mentor, Dr. Laurie Marker, gave me a new 
perspective on wildlife conservation.  Africa has a special place in my heart now and I can’t wait 
to go back.  Africa is a home I never new I needed in my life, and I am so grateful for the 
opportunity.  
 I feel that there were no real weaknesses in preparation or during my time in Namibia.  
There were struggles with my research, but there are always bumps in the road.  CCF’s weakness 
would be data collection and communication among the faculty.  Sometimes it was hard to 
combine everyone’s thoughts on my project because there was a lack of communication amongst 
my team of individuals.  To deal with this problem, I had all four of the people on my team to 
come together in a meeting to help compromise on the next step of my project.  I had a meeting 
probably four to five times a week, and the duration varied depending on how the team agreed 
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with one another.  At the end of the day, I forced my team to work together and we accomplished 
all the goals and objectives I (and Dr. Marker) wanted to complete.   
 In addition, my data consisted of years of data, and some of the data was not collected 
properly, so extra time was spent filtering the data trying to make it work with my mapping 
software in order to produce consistent results.  It was frustrating at times, but I had a strong 
support system behind me, and I wouldn’t trade this experience for anything.  
 Advice that I would offer to other undergraduates who want to conduct a project at the 
CCF is to be flexible and persevere.  Don’t give up on yourself and learn to roll with the punches.  
The staff there truly wants to help you succeed so take advantage of that because there are great 
people who work there.  Most importantly, carry an optimistic attitude and enjoy yourself because 

















1. Laurie L. Marker & Lorraine K. Boast (2015): Human–Wildlife Conflict 10 Years Later: 
Lessons Learned and Their Application to Cheetah Conservation, Human Dimensions of 
Wildlife: An International Journal, DOI: 10.1080/10871209.2015.1004144  
 
2. Laurie L. Marker. “The Cheetah: A Race for Survival.” Online video clip. Library of 
Congress. Washington, D.C. 06 Jan. 2011. 
  
3. Laurie L. Marker. “What if We Lost the Cheetah.” Online video clip. Tedx. Portland, OR. 
01 Apr. 2013. 
 
4. Menotti-Raymond, M, and S J O’Brien. “Dating the Genetic Bottleneck of the African 
Cheetah.” Proceedings of the National Academy of Sciences of the United States of 
America 90.8 (1993): 3172–3176. Print. 
 
5. Cheetah Outreach. “Cheetah Information.” Cheetah Outreach. May. 2015. Web. 02 Sept. 
2015. < http://www.cheetah.co.za/pdf/CheetahInformation.pdf>. 
 
6. Jamie R. Clark. Fish and Wildlife services, Interior. Endangered and Threatened Wildlife 
and Plants: 12-Month Finding on Petition To Reclassify the Cheetah (Acinonyx jubatus) in 
the Republic of Namibia From Endangered to Threatened. 65 vols (146). Washington: 
GPO, 28 Jun. 2000. Print.  
 
7. Laurie L. Marker (2000): Aspects of the Ecology of the Cheetah (Acinonyx jubatus) On 
North Central Namibian Farmlands. 26 Sept. 2000. Print. 
 
8. Fish and Wildlife Services. Division of International Conservation, Asian Elephant 
Conservation Fund Summary FY 2011. Saving the Elephants of Bukit tigapuluh (Sumatra) 
with GPS and GIS (ASE-050). Washington: GPO, 2011. Print.  
 
9. Fish and Wildlife Service. Division of International Conservation, Asian Elephant 
Conservation fund FY2013. Saving the Elephants of Bukit tigapuluh (Sumatra) with GPS 
and GIS Phase 2 (ASE-0633). Washington: GPO, 2013. Print. 
 
10. B. Stein, Erckie B., Fuller K. T., and Marker L. “Camera Trapping as a Method for 
Monitoring Rhino Populations within the Waterberg Plateau Park, Namibia.” Pachyderm. 
48 Jul-Dec. 2010. Print.  
 
11. Dan Brockington. Fortress Conservation: The Preservation of the Mkomazi Game 
Reserve, Tanzania. Oxford: International African Institute in Association with James 
Currey, 2002. Print. 
 
12. Laurie, L. Marker, Mills M.L.G., and Macdonald D. W. “Factors Influencing Perceptions 
of Conflict and Tolerance Toward Cheetahs on Namibian Farmland.” Conservation of 
 	
	 66	
Biology. Vol. 17. Oct. 2013. Print.  
 
13. NASCO. "What Is CBNRM?" NACSO: CBNRM in Namibia. N.p., 2009. Web. 06 Oct. 
2015. 
 
14. Laurie, L. Marker, Dickman A. J., Mills M.L.G., Jeo R. M., and Macdonald D. W. 
“Movements and Spatial Organization of Cheetahs on Namibian Farmlands.” Journal of 
Zoology. The Zoological Society of London. 2008. Print. 
 
15. Laurie, L. Marker, Dickman A. J., Mills M.L.G., Jeo R. M., and Macdonald D. W. 
“Demography of the Namibian Cheetah, Acinonyx jubatus jubatus.” Biological 
Conservaion. Elsevier. 06 Feb. 2003. Print. 
 
16. N., De Klerk J. "Chapter 9." Bush Encroachment in Namibia: Report on Phase 1 of the 
Bush Encroachment Research, Monitoring, and Management Project. Windhoek, 
Namibia: Ministry of Environment and Tourism, Directorate of Environmental Affairs, 
2004. 222-53. Print. 
 
17. ArcGIS. Esri, 2015. Web. 09 Oct. 2015. 
< https://www.arcgis.com/features/> 
 
18. Sweet, Jim, and Antje Burke. "Namibia." Country Pasture/Forage Resource Profile. Food 
and Agricultural Organization of the United Nations, Sept. 2006. Web. 11 Oct. 2015. 
<http://www.fao.org/ag/agp/agpc/doc/counprof/Namibia/namibia.htm>. 
 
19. Chundawat, R. S., Sharma, K., Gogate, N., Malik, P. K., & Vanak, A. T. (2016). Size 
matters: Scale mismatch between space use patterns of tigers and protected area size in a 
Tropical Dry Forest. Biological Conservation, 197, 146-153. 
doi:10.1016/j.biocon.2016.03.004 
 
20. Donovan, T. M., Freeman, M., Abouelezz, H., Royar, K., Howard, A., & Mickey, R. 
(2011). Quantifying home range habitat requirements for bobcats (Lynx rufus) in Vermont, 
USA. Biological Conservation, 144(12), 2799-2809. doi:10.1016/j.biocon.2011.06.026 
 
21. Simcharoen, S., Barlow, A. C., Simcharoen, A., & Smith, J. L. (2008). Home range size 
and daytime habitat selection of leopards in Huai Kha Khaeng Wildlife Sanctuary, 
Thailand. Biological Conservation, 141(9), 2242-2250. doi:10.1016/j.biocon.2008.06.015 
 
22. Cagnacci, F., Boitani, L., Powell, R. A., & Boyce, M. S. (2010). Animal ecology meets 
GPS-based radiotelemetry: a perfect storm of opportunities and challenges. Philosophical 
Transactions of the Royal Society B: Biological Sciences, 365(1550), 2157-2162. 
doi:10.1098/rstb.2010.0107 
 
23. Louis, M. P. (2014, November 11). Community Based Natural Resource Management in 






24. Laurie, L. Marker. (2002). Aspects of Cheetah ( Acinonyx jubatus) Biology, Ecology and 
Conservation Strategies on Namibian Farmlands. Retrieved March 4, 2017, from 
http://www.carnivoreconservation.org/files/thesis/marker_2002_phd.pdf 
 
25. B. (2016, March 12). Cheetah Facts. Retrieved March 20, 2017, from 
https://bigcatrescue.org/cheetah-facts/ 
 





27. Why The Cheetah's Cheeks Are Stained (A Traditional Zulu Story). (n.d.). Retrieved 
March 20, 2017, from http://www.canteach.ca/elementary/africa1.html 
 
28. Hebblewhite, M., & Haydon, D. T. (2010). Distinguishing technology from biology: a 
critical review of the use of GPS telemetry data in ecology. Philosophical Transactions of 
the Royal Society B: Biological Sciences, 365(1550), 2303-2312. 
doi:10.1098/rstb.2010.0087 
 
29. Wood, G., Whyatt, D., Hackett, D., & Stevens, C. (2017). Spatio-temporal challenges in 
representing wildlife disturbance within a GIS. Environmental Technology & Innovation, 
7, 44-53. doi:10.1016/j.eti.2016.12.003 
 
30. Lindberg, M. S., & Walker, J. (2007). Satellite Telemetry in Avian Research and 
Management: Sample Size Considerations. Journal of Wildlife Management, 71(3), 1002-
1009. doi:10.2193/2005-696 
 
31. Bizerril, M. X., Soares, C. C., & Santos, J. P. (2011). Linking community communication 
to conservation of the maned wolf in central Brazil. Environmental Education Research, 
17(6), 815-827. doi:10.1080/13504622.2011.620701 
 
32. Hausheer, J. E., Williams, T., Frazer, K., & Tallis, H. (2015, September 22). Effective 




33. User, S. (n.d.). Nature and Conservation. Retrieved April 25, 2017, from 
http://www.waterbergnamibia.com/nature-and-conservation 
 
34. Allsen, T. T. (2011). The royal hunt in Eurasian history. University of Pennsylvania Press. 
 





36. Laurenson, K. M., Caro, T., & Borner, M. (n.d.). Female Cheetah Reproduction . Retrieved 


















































 A.  Rewilded Female Cheetahs ArcGIS Maps: 
 
 





































































































































































































































































































































































































































































































































































































































 B.  Wild Female Cheetahs ArcGIS Maps: 
 














































































































































































































































































































































233 948 W F 260 
Newly 
Independent 24 Oct 95 - Dec 2000 63 257 4024.7 473.4 
353 967 W F   Old Adult 96 Feb 95 - Aug 99 43 48 7063.3 1795.3 
400 978 W F 300 Prime Adult 84 Oct 95 - Mar 97 18 67 999.9 217.6 
442 984 W F 275 Independent 18 Oct 95 - Dec 2000 63 220 1282.5 221.5 
602 1184 W F   
Newly 
Independent 24 Oct 99 - Dec 2000 14 47 626.3 122.7 
720 1154 W F   
Young 
Adult 36 
Mar 99 - Sept 
2000 19 56 1705.6 126.7 
802 1100 W F 600 Prime Adult 84 Jun 98 - Dec 99 19 48 7063.3 1795.3 
841 1026 W F 50 Prime Adult 72 Nov 96 - Jul 97 9 33 553.9 67.2 
148.77 1510 RW F 171 Prime Adult 80 
Dec 23, 2013- Feb 
25, 2014 13 1519 100 21 
148.7096 1511 RW F 171 Prime Adult 90 
Dec 27, 2013- 
Nov 25, 2014 11 2732 277 51 
148.67 1512 RW F 171 Prime Adult 88 
Dec 23, 2013- 
Sept 25, 2014 9 3766 686 92 
148.526 1555 W F 71 
Young 
Adult 36 
Aug 28, 2008- 
July 8, 2009 11 1431 878 108 
148.51 1606 W F 47 Old Adult 96 
Feb 28, 2011- July 
30, 2011 5 1135 259 44 
148.1199 1615 RW F   
Young 
Adult 43 
April 2, 2014- 
Sept  18, 2014 5 3863 507 65 
148.1404 1617 RW F   
Young 
Adult 43 
April 2, 2014- Oct 
2, 2014 6 4047 162 11 
148.1610 1619 RW F   
Young 
Adult 42 
Jun 18, 2014- 
April 9, 2016 22 9066 614 56 
150.1 1623 W F 153 Prime Adult 60 
Sept 20, 2011- 
July 30, 2012 10 1092 4079 756 
















     










































 Home Range Size (km
2) Distance Traveled (Km) 
Rewilded 
Female 95% kernel 50% kernel n
1 Mean ± SE Min Max n2 
Zinzi 614 56 9066 0.27 ± 0.58 0 6.99 9066 
Kekay 162 11 4047 0.19  ± 0.57 0 19.92 4047 
Skiet 507 65 3863 0.18 ± 0.37 0 3.07 3863 
Jacomina1 133 30 1519 0.14 ± 0.33 0 2.18 1519 
Jacomina2 100 21 2732 0.28 ± 0.54 0 4.83 2732 
Minja 277 51 5592 0.17 ± 0.39 0 6.44 5592 










 Home Range Size (km
2) Distance Traveled (Km) 
Wild Female 95% kernel 50% kernel n1 Mean ± SE Min Max n2 
Omatako 878 108 1431 0.90 ± 1.28 0 20.69 1431 
Wild Mum 1 259 44 1135 0.41  ± 1.10 0 13.29 1135 

















 D.  Daily Distance Moved Analysis Amongst Time Interval and Seasons: 
 
 Rewilded Females: 
 
1. Jacomina (AJU# 1510) 
 


























































Average Distance between Fixes (Km) 
 
Time of Day Hot&Wet nhw Cold&Dry ncd Hot&Dry nhd Total 
0 00:00:00- 00:59:59 0.05 38.00 0.02 24.00 0.01 11.00 0.04 
1 01:00:00- 01:59:59 0.02 38.00 0.02 24.00 0.01 10.00 0.02 
2 02:00:00- 02:59:59 0.09 38.00 0.01 24.00 0.00 10.00 0.05 
3 03:00:00- 03:59:59 0.08 38.00 0.02 24.00 0.01 10.00 0.05 
4 04:00:00- 04:59:59 0.12 38.00 0.02 24.00 0.01 10.00 0.07 
5 05:00:00- 05:59:59 0.12 38.00 0.00 24.00 0.00 10.00 0.07 
6 06:00:00- 06:59:59 0.27 38.00 0.05 24.00 0.07 10.00 0.17 
7 07:00:00- 07:59:59 0.34 38.00 0.21 24.00 0.31 10.00 0.29 
8 08:00:00- 08:59:59 0.32 38.00 0.26 24.00 0.38 9.00 0.31 
9 09:00:00- 09:59:59 0.24 38.00 0.18 24.00 0.15 9.00 0.21 
10 10:00:00- 10:59:59 0.21 37.00 0.21 24.00 0.15 9.00 0.20 
11 11:00:00- 11:59:59 0.15 35.00 0.06 24.00 0.10 9.00 0.11 
12 12:00:00- 12:59:59 0.15 36.00 0.07 24.00 0.07 9.00 0.11 
13 13:00:00- 13:59:59 0.15 38.00 0.05 23.00 0.05 9.00 0.10 
14 14:00:00- 14:59:59 0.10 38.00 0.06 23.00 0.01 9.00 0.08 
15 15:00:00- 15:59:59 0.18 38.00 0.15 24.00 0.01 9.00 0.15 
16 16:00:00- 16:59:59 0.14 38.00 0.14 24.00 0.11 9.00 0.14 
17 17:00:00- 17:59:59 0.19 38.00 0.13 24.00 0.09 9.00 0.16 
18 18:00:00- 18:59:59 0.32 37.00 0.18 24.00 0.07 9.00 0.24 
19 19:00:00- 19:59:59 0.21 37.00 0.09 24.00 0.12 9.00 0.16 
20 20:00:00- 20:59:59 0.38 38.00 0.01 24.00 0.43 9.00 0.26 
21 21:00:00- 21:59:59 0.15 38.00 0.01 24.00 0.19 10.00 0.11 
22 22:00:00- 22:59:59 0.08 38.00 0.01 24.00 0.02 10.00 0.05 





























Average Distance between Fixes (Km) 
 
Time of Day Hot&Wet nhw Hot&Dry nhd Total 
1 0:00:00-3:59:59 0.24 66.00 0.14 78.00 0.19 
2 4:00:00-7:59:59 0.19 66.00 0.03 79.00 0.10 
3 8:00:00-11:59:59 0.42 66.00 0.58 79.00 0.51 
4 12:00:00-15:59:59 0.83 66.00 0.47 79.00 0.63 
5 16:00:00-19:59:59 0.57 66.00 0.28 79.00 0.42 














































Average Distance between Fixes (Km) 
 
Time of Day Hot&Wet nhw Cold&Dry ncd Total 
1 3:00:00-6:59:59 0.05 25.00 0.17 34.00 0.12 
2 7:00:00-10:59:59 0.21 25.00 0.11 34.00 0.15 
3 11:00:00-14:59:59 0.85 25.00 0.73 33.00 0.78 
4 15:00:00-18:59:59 0.56 25.00 0.56 33.00 0.56 
5 19:00:00-22:59:59 0.74 25.00 0.57 33.00 0.64 








































4. Skiet (AJU# 1615) 
 

































































Average Distance between Fixes (Km) 
 
Time of Day Hot&Wet nhw Cold&Dry ncd Hot&Dry nhd Total 
0 00:00:00- 00:59:59 0.04 27.00 0.04 110.00 0.07 5.00 0.04 
1 01:00:00- 01:59:59 0.02 27.00 0.04 110.00 0.10 5.00 0.02 
2 02:00:00- 02:59:59 0.00 27.00 0.04 111.00 0.01 5.00 0.05 
3 03:00:00- 03:59:59 0.01 27.00 0.07 111.00 0.01 5.00 0.05 
4 04:00:00- 04:59:59 0.01 27.00 0.11 111.00 0.01 5.00 0.07 
5 05:00:00- 05:59:59 0.01 27.00 0.09 111.00 0.01 5.00 0.07 
6 06:00:00- 06:59:59 0.15 27.00 0.33 111.00 0.29 5.00 0.17 
7 07:00:00- 07:59:59 0.28 27.00 0.53 111.00 0.35 5.00 0.29 
8 08:00:00- 08:59:59 0.18 27.00 0.42 111.00 0.58 5.00 0.31 
9 09:00:00- 09:59:59 0.25 27.00 0.31 111.00 0.45 5.00 0.21 
10 10:00:00- 10:59:59 0.14 27.00 0.23 111.00 0.51 4.00 0.20 
11 11:00:00- 11:59:59 0.15 27.00 0.18 111.00 0.35 4.00 0.11 
12 12:00:00- 12:59:59 0.27 27.00 0.14 111.00 0.39 4.00 0.11 
13 13:00:00- 13:59:59 0.40 28.00 0.13 111.00 0.13 4.00 0.10 
14 14:00:00- 14:59:59 0.22 28.00 0.14 111.00 0.29 4.00 0.08 
15 15:00:00- 15:59:59 0.37 28.00 0.14 111.00 0.51 4.00 0.15 
16 16:00:00- 16:59:59 0.23 28.00 0.19 111.00 0.14 4.00 0.14 
17 17:00:00- 17:59:59 0.31 28.00 0.31 111.00 0.22 4.00 0.16 
18 18:00:00- 18:59:59 0.39 28.00 0.36 111.00 0.17 4.00 0.24 
19 19:00:00- 19:59:59 0.10 28.00 0.11 111.00 0.04 4.00 0.16 
20 20:00:00- 20:59:59 0.03 28.00 0.02 111.00 0.03 4.00 0.26 
21 21:00:00- 21:59:59 0.09 28.00 0.01 111.00 0.13 4.00 0.11 
22 22:00:00- 22:59:59 0.13 28.00 0.03 111.00 0.01 4.00 0.05 




























Average Distance between Fixes (Km) 
 
Time of Day Hot&Dry nhd 
1 2:00:00-4:59:59 0.34 9.00 
2 5:00:00-7:59:59 0.33 10.00 
3 8:00:00-10:59:59 0.94 10.00 
4 11:00:00-13:59:59 0.55 9.00 
5 14:00:00-16:59:59 0.11 9.00 
6 17:00:00-19:59:59 0.47 9.00 
7 20:00:00-22:59:59 0.79 9.00 





































5. Kekay (AJU# 1617) 
 




























































Average Distance between Fixes (Km) 
 
Time of Day Hot&Wet nhw Cold&Dry ncd Hot&Dry nhd Total 
0 00:00:00- 00:59:59 0.01 27.00 0.03 122.00 0.05 6.00 0.03 
1 01:00:00- 01:59:59 0.08 28.00 0.04 122.00 0.01 6.00 0.05 
2 02:00:00- 02:59:59 0.15 28.00 0.07 123.00 0.01 6.00 0.08 
3 03:00:00- 03:59:59 0.04 28.00 0.06 123.00 0.01 6.00 0.05 
4 04:00:00- 04:59:59 0.10 28.00 0.05 122.00 0.01 6.00 0.06 
5 05:00:00- 05:59:59 0.07 28.00 0.05 122.00 0.00 6.00 0.05 
6 06:00:00- 06:59:59 0.31 28.00 0.12 123.00 0.01 6.00 0.15 
7 07:00:00- 07:59:59 0.35 28.00 0.25 123.00 0.06 6.00 0.26 
8 08:00:00- 08:59:59 0.33 28.00 0.28 122.00 0.08 5.00 0.28 
9 09:00:00- 09:59:59 0.31 27.00 0.29 122.00 0.03 5.00 0.28 
10 10:00:00- 10:59:59 0.12 27.00 0.31 123.00 0.12 5.00 0.27 
11 11:00:00- 11:59:59 0.28 28.00 0.29 123.00 0.20 5.00 0.28 
12 12:00:00- 12:59:59 0.26 27.00 0.24 121.00 0.28 5.00 0.24 
13 13:00:00- 13:59:59 0.33 28.00 0.18 121.00 0.15 5.00 0.20 
14 14:00:00- 14:59:59 0.17 29.00 0.22 123.00 0.07 3.00 0.21 
15 15:00:00- 15:59:59 0.23 29.00 0.23 123.00 0.06 3.00 0.22 
16 16:00:00- 16:59:59 0.20 29.00 0.28 123.00 0.03 5.00 0.26 
17 17:00:00- 17:59:59 0.29 29.00 0.31 122.00 0.04 5.00 0.30 
18 18:00:00- 18:59:59 0.29 29.00 0.39 122.00 0.54 5.00 0.38 
19 19:00:00- 19:59:59 0.20 28.00 0.26 123.00 0.31 5.00 0.25 
20 20:00:00- 20:59:59 0.10 28.00 0.09 123.00 0.01 5.00 0.09 
21 21:00:00- 21:59:59 0.08 29.00 0.09 122.00 0.00 5.00 0.08 
22 22:00:00- 22:59:59 0.02 29.00 0.05 122.00 0.02 5.00 0.05 






























Average Distance between Fixes (Km) 
 
Time of Day Hot&Dry nhd 
1 2:00:00-4:59:59 0.01 18.00 
2 5:00:00-7:59:59 0.06 19.00 
3 8:00:00-10:59:59 0.32 19.00 
4 11:00:00-13:59:59 0.63 19.00 
5 14:00:00-16:59:59 0.30 19.00 
6 17:00:00-19:59:59 0.22 19.00 
7 20:00:00-22:59:59 0.46 18.00 



































6. Zinzi (AJU# 1619) 
 




























































Average Distance between Fixes (Km) 
 
Time of Day Hot&Wet nhw Cold&Dry ncd Hot&Dry nhd Total 
0 00:00:00- 00:59:59 0.03 34.00 0.08 63.00 0.04 65.00 0.05 
1 01:00:00- 01:59:59 0.01 34.00 0.05 63.00 0.07 65.00 0.05 
2 02:00:00- 02:59:59 0.01 34.00 0.07 63.00 0.05 65.00 0.05 
3 03:00:00- 03:59:59 0.04 34.00 0.04 63.00 0.03 65.00 0.04 
4 04:00:00- 04:59:59 0.03 34.00 0.07 63.00 0.04 65.00 0.05 
5 05:00:00- 05:59:59 0.03 34.00 0.03 63.00 0.02 65.00 0.02 
6 06:00:00- 06:59:59 0.02 34.00 0.22 63.00 0.12 64.00 0.14 
7 07:00:00- 07:59:59 0.22 34.00 0.54 63.00 0.26 65.00 0.36 
8 08:00:00- 08:59:59 0.38 34.00 0.45 64.00 0.29 65.00 0.37 
9 09:00:00- 09:59:59 0.41 34.00 0.30 64.00 0.26 65.00 0.31 
10 10:00:00- 10:59:59 0.26 34.00 0.23 64.00 0.13 65.00 0.20 
11 11:00:00- 11:59:59 0.17 34.00 0.22 64.00 0.10 65.00 0.16 
12 12:00:00- 12:59:59 0.12 34.00 0.18 64.00 0.06 64.00 0.12 
13 13:00:00- 13:59:59 0.12 34.00 0.28 64.00 0.07 65.00 0.16 
14 14:00:00- 14:59:59 0.09 34.00 0.27 64.00 0.07 65.00 0.16 
15 15:00:00- 15:59:59 0.14 34.00 0.37 64.00 0.07 65.00 0.20 
16 16:00:00- 16:59:59 0.14 34.00 0.29 64.00 0.10 65.00 0.18 
17 17:00:00- 17:59:59 0.21 33.00 0.45 64.00 0.15 65.00 0.28 
18 18:00:00- 18:59:59 0.30 34.00 0.42 64.00 0.22 65.00 0.32 
19 19:00:00- 19:59:59 0.39 34.00 0.37 63.00 0.30 65.00 0.35 
20 20:00:00- 20:59:59 0.29 34.00 0.14 64.00 0.22 65.00 0.20 
21 21:00:00- 21:59:59 0.13 34.00 0.14 64.00 0.11 65.00 0.13 
22 22:00:00- 22:59:59 0.08 34.00 0.09 62.00 0.07 64.00 0.08 




























Average Distance between Fixes (Km) 
 
Time of Day Hot&Wet nhw Hot&Dry nhd Total 
1 2:00:00-4:59:59 0.17 85.00 0.42 69.00 0.28 
2 5:00:00-7:59:59 0.15 85.00 0.30 69.00 0.22 
3 8:00:00-10:59:59 0.39 85.00 0.98 69.00 0.65 
4 11:00:00-13:59:59 0.42 85.00 0.32 69.00 0.38 
5 14:00:00-16:59:59 0.37 85.00 0.26 69.00 0.32 
6 17:00:00-19:59:59 0.48 85.00 0.43 69.00 0.46 
7 20:00:00-22:59:59 0.70 85.00 0.89 69.00 0.78 


















































Average Distance between Fixes (Km) 
 
Time of Day Hot&Dry nhd 
1 0:00:00-2:59:59 0.22 37.00 
2 3:00:00-5:59:59 0.22 38.00 
3 6:00:00-8:59:59 0.26 38.00 
4 9:00:00-11:59:59 1.19 38.00 
5 12:00:00-14:59:59 0.40 38.00 
6 15:00:00-17:59:59 0.38 38.00 
7 18:00:00-20:59:59 0.73 38.00 















































Average Distance between Fixes (Km) 
 
Time of Day Hot&Wet nhw Cold&Dry ncd Total 
1 1:00:00-3:59:59 0.30 26.00 0.15 40.00 0.21 
2 4:00:00=6:59:59 0.00 26.00 0.31 40.00 0.19 
3 7:00:00-9:59:59 0.25 26.00 0.54 39.00 0.42 
4 10:00:00-12:59:59 1.07 26.00 0.62 39.00 0.80 
5 13:00:00-15:59:59 0.81 26.00 0.33 39.00 0.52 
6 16:00:00-18:59:59 0.74 26.00 0.37 39.00 0.52 
7 19:00:00-21:59:59 0.87 26.00 0.83 39.00 0.85 















































    Average Distance between Fixes (km) 
  Time of Day Hot&Wet nhw Cold&Dry ncd Hot&Dry nhd Total 
1 3:00:00-6:59:59 0.00 7.00 0.20 66.00 0.99 4.00 0.22 
2 7:00:00-10:59:59 0.18 7.00 0.96 66.00 0.45 4.00 0.87 
3 11:00:00-14:59:59 0.29 6.00 1.29 66.00 0.67 4.00 1.18 
4 15:00:00-18:59:59 0.28 6.00 0.50 67.00 0.01 4.00 0.46 
5 19:00:00-22:59:59 0.32 6.00 1.31 67.00 0.60 4.00 1.19 






















































Average Distance between Fixes (Km) 
 
Time of Day Hot&Wet nhw Hot&Dry nhd Total 
1 0:00:00-3:59:59 0.20 42.00 0.01 1.00 0.19 
2 4:00:00-7:59:59 0.13 42.00 0.14 2.00 0.13 
3 8:00:00-11:59:59 0.32 42.00 4.10 2.00 0.49 
4 12:00:00-15:59:59 0.51 42.00 1.32 2.00 0.55 
5 16:00:00-19:59:59 0.32 42.00 0.05 2.00 0.30 








































 Wild Females: 
 
1. Omatako (AJU# 1555) 
 











Average Distance between Fixes (Km) 
 
Time of Day Hot&Wet nhw Cool&Dry ncd Hot&Dry nhd Total 
1 0:00:00- 04:59:59 0.68 8.00 0.01 8.00 0.21 8 0.30 
2 05:00:00- 09:59:59 0.06 8.00 0.01 8.00 0.43 8 0.17 
3 10:00:00-14:59:59 0.61 7.00 1.13 8.00 1.13 8 0.98 



















































Average Distance between Fixes (Km) 
 
Time of Day Hot&Wet nhw Cool&Dry ncd Hot&Dry nhd Total 
5 01:00:00- 05:59:59 1.47 10.00 0.54 11.00 1.60 8.00 1.15 
6 06:00:00-10:59:59 0.21 9.00 0.02 11.00 0.33 8.00 0.17 
7 11:00:00-15:59:59 0.97 10.00 0.07 11.00 1.23 8.00 0.70 





















































Average Distance between Fixes (Km) 
 
Time of Day Hot&Wet nhw Cool&Dry ncd Hot&Dry nhd Total 
9 02:00:00- 06:59:59 1.54 8.00 0.94 8.00 1.02 8.00 1.17 
10 07:00:00-11:59:59 0.99 8.00 0.40 8.00 0.97 8.00 0.79 
11 16:00:00-20:59:59 0.43 8.00 0.03 8.00 0.41 8.00 0.29 























































Average Distance between Fixes (Km) 
 
Time of Day Hot&Wet nhw Cool&Dry ncd Hot&Dry nhd Total 
13 03:00:00- 07:59:59 1.49 11.00 0.84 8.00 0.51 11.00 0.96 
14 12:00:00-16:59:59 1.72 10.00 0.85 8.00 1.44 10.00 1.37 
15 17:00:00-21:59:59 0.60 10.00 0.27 8.00 0.84 10.00 0.60 


























































Average Distance between Fixes (Km) 
 
Time of Day Hot&Wet nhw Cool&Dry ncd Hot&Dry nhd Total 
17 08:00:00-12:59:59 1.96 8.00 0.70 8.00 2.11 7.00 1.56 
18 13:00:00-17:59:59 0.98 8.00 0.99 8.00 0.81 8.00 0.93 
19 18:00:00-22:59:59 0.80 7.00 1.33 8.00 1.76 8.00 1.32 




























































Average Distance between Fixes (Km) 
 
Time of Day Hot&Wet nhw Cool&Dry ncd Hot&Dry nhd Total 
21 04:00:00-08:59:59 0.25 11.00 0.15 11.00 0.26 11.00 0.22 
22 09:00:00-13:59:59 2.22 10.00 0.63 10.00 1.85 10.00 1.57 
23 14:00:00-18:59:59 1.11 10.00 0.56 10.00 1.14 10.00 0.94 















































2. Wild Mum 1 (AJU# 1606) 
 














Average Distance between Fixes (Km) 
 
Time of Day Hot&Wet nhw Cool&Dry ncd Total 
1 02:00:00-04:59:59 0.69 2.00 0.74 3.00 0.72 
2 05:00:00-07:59:59 0.47 2.00 0.40 3.00 0.43 
3 08:00:00-10:59:59 0.73 2.00 0.21 3.00 0.42 
4 11:00:00-13:59:59 0.31 3.00 0.00 3.00 0.16 
5 14:00:00-16:59:59 0.00 3.00 0.04 3.00 0.02 
6 17:00:00-19:59:59 0.00 3.00 0.11 2.00 0.04 
7 20:00:00-22:59:59 0.61 3.00 1.10 2.00 0.80 


















































Average Distance between Fixes (Km) 
 
Time of Day Hot&Wet nhw Cool&Dry ncd Total 
1 0:00:00-2:59:59 0.10 6.00 1.58 6.00 1.68 
2 3:00:00-5:59:59 0.15 7.00 0.46 6.00 0.61 
3 6:00:00-8:59:59 0.25 7.00 0.28 6.00 0.53 
4 9:00:00-11:59:59 3.11 6.00 0.59 6.00 3.70 
5 12:00:00-14:59:59 1.36 6.00 3.97 6.00 5.33 
6 15:00:00-17:59:59 1.88 6.00 2.92 7.00 4.80 
7 18:00:00-20:59:59 0.64 6.00 3.06 7.00 3.70 


















































Average Distance between Fixes (Km) 
 
Time of Day Hot&Wet nhw Cool&Dry ncd Total 
1 1:00:00-3:59:59 0.19 4.00 0.55 4.00 0.37 
2 4:00:00-6:59:59 0.77 4.00 0.18 4.00 0.48 
3 7:00:00-9:59:59 0.59 4.00 0.71 4.00 0.65 
4 10:00:00-12:59:59 0.25 4.00 0.65 4.00 0.45 
5 13:00:00-15:59:59 0.09 4.00 0.10 4.00 0.09 
6 16:00:00-18:59:59 0.04 4.00 0.01 3.00 0.03 
7 19:00:00-21:59:59 0.01 3.00 0.61 4.00 0.35 






































3. Wild Mum 2 (AJU# 1623) 
 
 












Average Distance between Fixes (Km) 
 
Time of Day Hot&Wet nhw Hot&Dry nhd Total 
1 0:00:00-3:59:59 0.01 8 0.05 9 0.03 
2 4:00:00-7:59:59 1.83 8 0.55 9 1.15 
3 8:00:00-11:59:59 1.27 9 0.70 8 1.00 
4 12:00:00-15:59:59 1.31 9 0.40 8 0.88 
5 16:00:00-19:59:59 1.23 9 0.54 8 0.90 




















































Average Distance between Fixes (Km) 
 
Time of Day Hot&Wet nhw Cool&Dry ncd Total 
1 20:00:00- 03:59:59 0.05 17 0.07 17 0.06 
2 04:00:00-11:59:59 3.01 17 2.53 17 2.77 
3 12:00:00-19:59:59 1.93 17 1.27 17 1.60 
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